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contamination of food, and that antibodies should be useful in preventing the disorder. 
What was not known until Dr. Tzipori was able to conduct studies in gnobiotic pigs, was 
that it is tire Shiga-Iike toxin II that is the principle cause of HUS, whereas organisms that 
express only Shiga-Iike toxin. I, or even to some extent, Shiga-like toxin I and II, are more 
likely to cause disease that does not have such devastating sequela. As shown in. the 
excerpt entitled "Disease Overview" from Mr. Hefferaan's power point presentation, 
most cases of E. coll result in bloody diarrhea one to eight days following exposure. This 
technology is aimed at preventing those cases where HUS develops, with multi-system 
morbidity, including death. (3-5%). chronic renal failure, neurological complications, and 
other systemic complications (50%). 

Unlike the prior art which used in vitro studies in cell culture to test toxin 
neutralization with antibodies, Dr. Tzipori determined that it was possible to infect pigs, 
who have an intestinal system much like humans. Mice cannot be infected, so one can 
only look at neutralization of toxin. He then compared the symptoms of animal s infected 
with different strains of the E. coli, to see what toxin(s) caused what symptoms. This 
allowed one to determine what toxin(s) to target, and how much antibody would be 
required. It also allowed one to determine that it was possible to administer antibody 
after infection, since this is the case one is most likely to have in real life. Since this 
application was originally filed, a number of groups have now demonstrated that it is the 
Shiga-like toxin II that is the major cause of HUS in humans. See, for example, the 
enclosed representative articles: Boerlin, et aL, "Associations between Virulence Factors 
of Shiga Toxin-Producing Escherichia coli and Disease in Humans 5 ' J. Clin. Microbiol. 
37(3) f 497-503 (1999); Bielaszewka, et al "Isolation and characterization of sorbitol- 
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Association with Clinical Symptoms" J. Infectious Dis. 185:74-84 (2002). When 
strains produce only Shiga-like toxin I, there is no HUS. See, for example, in 
addition to the above articles, Hashimoto, et al. "Epidemic of grastrointestinal tract 
infection including hemorrhagic colitis attributable to Shiga toxin 1-producing 
Escherichia coli 0118:132 at a junior high school in Japan Pediatrics 103(l):e2 
(1999). 

There is currently no approved product for treating these patients. 
Therefore, the claimed composition is critically important for patients, most of 
whom are small children, who develop this life threatening disease. 

The claim s have been amended to limit the method of use to a composition 
consisting of antibodies which neutralize shiga-like toxin II in an am ount effective 
to treat or prevent HUS. Claims to the method of use of a combination of antibodies 
to both shiga-like toxin II and I will be pursued in another another. A preliminary 
amendment has been filed in the related case, U.S. S.N. 10/041,958, with the 
composition claims from, this application, canceled solely to facilitate prosecution by 
narrowing issues. 
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Allowance of claims 1, 4-6, and 27-32, is earnestly solicited. 
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Association.* between known or putative virulence factors of Shiga toxin -producing Escherichia coll and 
disease in humans were Investigated. Univariate analyst? and multivariate logistic regression analysis nf a Act 
of 237 Isolate!? from 1X8 (serotypes showed significant associations between the presence of genes for intimin 
(eae) and Shiga toxin 2 (stx z ) and isolates from serotypes reported in humans. Similar associations were found 
with isolates from serotypes reported fn hemorrhagic colitis and hemolytic-uremic syndrome. The cntcro* 
hemorrhagic £. call (EHEC) hemolysin gene was significantly associated with isolates from serotypes found In 
severe diseases in univariate analysis but not in multivariate logistic regression models. A strong association 
between the Inlimln and EHEC-homnlysin genes moy explain the lack of statistical significance of EHEC 
hemolysin in these multivariate models, but o true lack of biological significance of the hemolysin in humans 
or in disease cannot be excluded. This result warrants further investigations of this topic Multivariate analysis 
revealed an in teraction between the eae and wc 2 genes, thus supporting the hypothesis of the synergism Ijctween 
tlic adhesin intimin and Shiga toxin 2. A strong statistical association was observed between the stx A gene and 
severity of disease for o set of 1.12 human isolates from eight major serotypes. A comparison of 77 isolates of 
bovine origin and 91 human isolates belonging to six major serotypes showed significant associations of the 
genes for Shiga toxin 1 and EspP protease with bovine isolates and an increased adherence on HEp-2 cell 
cultures for human isolates, particularly from dinrrhek patients and healthy persons. 



Shiga toxin-producing Eschjerkfiia coli strains (STEC) were 
first implicated in disease in the early 1980s by their association 
with hemolytic-uremic syndrome (HUS) and hemorrhagic co- 
litis (HC) (16, 27). STEC have subsequently been associated 
with uncomplicated diarrhea (23) and have been isolated from 
stools of healthy individuals. STEC are now considered a ma- 
jor cause of disease in developed countries (10. 17). HC usually 
begins with abdominal cramps and diarrhea, followed by 
bloody diarrhea, HUS patients present with acute renal failure, 
thrombocytopenia, and microangiopathic hemolytic anemia, 
often following a prodromal diarrhea. HC and HUS are severe 
diseases which frequently require hospitalization, and HUS 
may be fatal in up to 5% of cases. STEC infections are mainly 
food borne, and bovine feces are the main source of food 
contamination by this organism. (10). A large variety of STEC 
serotypes have been implicated in human disease, but some 
STEC serotypes found in cattle or in food have never or only 
very rarely been associated with severe human disease. These 
apparent differences in STEC serotype frequencies may, in 
part, be due to methodological issues, but differences in the 
ability of STEC strains to cause disease are also likely contrib- 
utors. 

Eased on in vitro and animal model studies, several viru- 
lence factors have been, described in STEC. the major one 

being Shiga toxins (11). TWo main categories of Shiga toxins 

have been distinguished. E. coll Shiga toxin 1 (Slxl) is almost 
identical to the Shiga toxin of Shigella dysenteriae in amino acid 
sequence and cannot be distinguished from it serologically, 
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whereas Shiga toxin 2 (Stx2) is less related to the Shiga toxin of 
Shigella and is not neutralized by antibodies to either Sort or 
Shiga toxin from 5. dysentenae (21, 35). As is the case with 
enteropathogenic E. coli, some STEC strains can tightly attach 
to epithelial cells of the inicstinc through an adhesin called 
intimin. Such strains induce in the underlying cells profound 
structural modifications called attaching and effacing lesions. 
The gents related to these lesions, including the arc (for£. coli 
attaching and effacing) gene, which encodes intimin. are clus- 
tered in a pathogenicity island named the Jocus for enterocyte 
eJEaccmcnt (LEE [19J). Recently, Schmidt and collaborators 
reported the genetic analysis of a new plasmid -encoded hemo* 
lysin of STEC called enterohemorrhagic £. coli hemolysin 
(EHEC hemolysin; elixA gene), which seemed to be associated 
with severe clinical disease in humans (31, 32). A protease 
(EspP), encoded by the same plasmid as EHEC hemolysin, has 
also recently been described in some STEC serotypes and has 
been suggested as an. additional virulence factor of STEC (5). 
There is actually no experimental proof for the role of EHEC 
hemolysin and EspP in the virulence of STEC. "They are there- 
fore only putative virulence factors, but for the sake of sin> 
pli.city, they will be included with the other virulence factors for 
the remainder of the discussion. 

Previous studies have shown a large diversity in the distri- 
bution u.C virui.un.cu tuvtoro among STJ5C nirnins (X, 3. 15, 41). 
Associations have been suggested between the presence of 
some of these factors in STEC and their virulence (24. 29, 30, 
32). However, these studies were often relatively small scale or 
examined the distribution of each virulence factor separately, 
without accounting for possible associations between virulence 
factors and without considering the rest of the genome of the 
bacterial pathogen. In the present study, the distribution of 
virulence factors in on international collection of STEC i$o- 
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FIG, 1 . Oraphleal rcprcHon ration of sampling strategy used to obtain sets 1 to 
3 of STEC isolates. 



latcs representing a brood spectrum of serotypes from various 
sources was determined and analyzed by methods whfch ac- 
count for these possible influences. The first aim of the study 
was to determine associations between virulence factors and 
STEC disease in humans, based on classification of STEC 
isolates by serotypes reported or not reported in the literature 
to have been isolated from humans. Multivariate analysis was 
used lo control lor the confounding effects of other virulence 
factors and of the genomic background of the isolates by using 
serotype as a proxy. The second aim was to examine the di- 
versity of virulence factors in serotypes most frequently asso- 
ciated with disease and to detect associations between any of 
these factors and the severity of disease in the actual patients 
from whom the isolates were recovered. The last aim of this 
study was to compare bovine and human STEC populations of 
the major serotypes involved in human disease to test whether 
human STEC from these serotypes that are most commonly 
isolated from patients wirji disease form a different population 
than the bovine STEC population of the same serotypes. 

MATERIALS AND METHODS 

STRC fsnlntc*. Three different sci.s of STiiC IsuUites were used for the present 
study (Fig. l) r The first sot comprised 237 STEC Isolate* of I TS serotype* orip- 
inuring from human* fn 60), antoials {n » 1.S9), and food (n * J 8) ihsu were 
selected from a larger collection of STEC Isolates deposited at the Health of 
Animals J-obomory, Health Ou»d'i, Guctph. Ontario, Connda. Stratified ron- 
dom sumpling (strata nre equivalent lo serotypes) >'V> used fur the selection in 
order to represent oil ihc flerotypes available in ihc collection , The numbur of 
isolates per serotype was limited to a maximum of three, and for those serotype* 
with (cm than (luce isolates in the collection, all were used. The source collection 
is the fruit of a long-term effort to collect representative STEC Elates from 



human and nonbumnn sources of diverse geographic origin. tfased on ».w es«n» 
w've review of the literature, the isolate* were cliiKtificd into fbvr categories (Ffft- 
I), The firct cufegory wJibln (tot I (Utfcd below) comprised 139 Isolates bdonglng 
to f>$ serotypes previously reported In humans (01 :H20, Q2.'H5 . Q2:Hu . 02:H27, 
QXM 1% Q&Jj^ (nonmotile IsoIdics) OfoH- . Q7-.H4, Q8.'HJ4 . 015:H27. OJ5; 
llZ' Ctt^HB . 022;H.t6. q?MUI rafrH-. Q3B:H21 . OASiHZ . Q4B;H21 . OSS; 
UZ^OSSMJ.QJ&iU' OVr.HV), 08D:H- ( 082:H6. 08<V:H2. OSftH-, Q91:H1Q. 
091:HW, Q!>| j H2l. Q9l:H~. Q9S:H- . O103;H2. Q1U:HS. OllhH-. Q112: 
O U 3:H4. 0 1 1 3:H7. OM3:H2t. G1U:Hd.. OUSiHlR Q117:H4. QH^iHI.2. 
0H8:H16. 0?l6iHX), On9;H^ . OU9:K-, Ol 21 :H1.9. Of26:H6. OI^j:H2J, 
OlW:IH2, QX2^:H-. 0132:14-. OJ4S:H- . Q346:Hg , 0146:H2l, OJ53;H25 , 
Qpfcm. 2i 5 iHb- OW3:H-. Q1 C5:H25 . OI65:H- . OI71:H2. 

0172:H-, and OX3: H21). TIic Rccond category comprised 98 isolotefi of 53 
serotype* not previously reported In humans (02:li3°, 02:H-. 05:Hll, On: 
HI0, 06:HX OK:H8, 08:H9. 08:H16, Ofl:H19, OH:H35. Ol5:H7. 022tH2, 
OV)\W), O40:HS, 043:H2. 0-W:H38, 04fi:H-. 049:H-. 069:HI1, 07/5:H25. 
077:H39, 084:H-, OW;H- f OB8:H25, 0?J.:H7. 098;H25, O110;H8. 01.31; 
HI).. QI»:H-, 011&H8. OHo;H2], Oti«:H-, OJIf^HS, 0n9:H2.S, 0121: 
H7, Oi26:H27. 0128:H?5, 01,V}:H38, 0W:H18, 013fi:H72 f OI36:H16, 0136: 
H-. 0J.39;HI9, OJ42JH38. 0!4S;H8, Ol53:H2l, 0T5?:H3t f 0156:H7, 0156: 
M, 0156;H25. OJ56:H- . OJ63:H2, and OJ68:H8). The chirtf category u n 
Miteei of Che flm one and comprised 89 Iholates belonging to 39 wrotypca clcariy 
Jdcntfflcd in the literature as associated with HUS and HC (underlined in the 
firbt lf«r ahovc). The fourth category of inobres within set 1 correspond* cu the 
remaining 148 iaolntcs of 79 scrorypM not previously reported in severe humnn 
di*:ri&i:. No significant difference between categories in terms of mean number of 
isolates per serotype was detected by a 2 test. The overall mean number or 
isolates per serotype was 2.0D8. This supports our attempt to control for aemtypc 
confounding in net I at The sampling level. 

The second act (Fig. J and Twble J) comprises 1.12 c pid cm io logically unrelated 
isolates o£ human origin belonging to cigbl fcrotypcs oO.cn ri«sajciuicd ^jUi 
human disease. These l«rfiitcs repreKot »Jl tbc hujn;»o fsol;ue> of'theiie .-serotypes 
from the STEC coHecrions dep<»if.ed H the Henlth iff Animub \a Oratory. 
Health Canudo. Oucfpb, for which suitable clinical lntbnnai;i«jn ovailohfe. 
Tlicy oripnote from Belgium (n = 53). Germany (n = 17). Switzerljimi {n = To), 
the United Ststcs (n = 14), Canadti in = ft), AustraJis, fn = 3), and Ocnnwk 
(n » 3). Based op clinical information available from the donors (Table /)» thc*« 
iM.ria.rcs were further c\\\ KMjied tnto two cutcg uri.es. The fir?t «;;.rtcgOTy (non.Nevucc 
dtsemjii) comprises UolatCS (nm healthy potions and fn.>m patients with uncom- 
pllciacd nonbloody diarrhea, The «:cond cjiteg^ry (scveni disuuc) comprises 
imlolvw (amy pattern with blwdy diarrljen or from patient* with, clinical sl«»« of 
HUS. 

Tltc third set of isolates (Rg. 1 »).nd Tjible \.) compripes pJI the liumnn, iwlnrcn 
I rom tiw of the eight seroiypes Of set 2 und jdcnticnl riijmbers of r.mdomly chosen 
Isolates of bi>ine origin of the same >cr«:uyp^K. For serr/types for which there 
wcro fewer isolates nf bovine origin than of human origin, all the bovine isolates 
were used. 

Detection of $tt M srar 2 , e/M, cAM, unrl espP. All the irwlstcs were examined for 
the produce of the ttx t and f£r 2 genes by VCR under the conditions described by 
Pollard and col labora tors (25) except for three isolates for which the Cangenc 
primers ond conditions were used (2ft). The 5TCC strains flQWWH (serotype 
046;H38; KiWne origin) a.nd 4X14 (serotype 0157:W7; htim;io wipn) ^e^ved as 
positive controls, and the cntcropathoflcnic E. cnll strain 2348/69 served as a 
negative control for this test. The presence of aw was detected by PCR under the 
conditions described by Sandhu and coworkers (3D) and was confirmed by dot 
blot hybridization when necessary. Strains 4304 and JM109 (43) acrved as pos- 
itive and negative controls, respectively. Fur the dot blot hybridization, the probe 
consisted of the diguxipcrnn-liihelcd PCR product of strain produced with 
lite 010 DNA fiibelinrj :md detection kit (llwhrin^er, M:innh«im, Oermnny). 
Cell lyHBtcfl weec obtained by rcsusjxndln^ the cells of a. ^(10-ii.l overnight culture 
In Luria-Beritinl hroth fn lfjl.» p.l of OA M N:tOH und beiiting it for VI mln ill 
60 4 C. One microliter of cell lysine wan blotted on o Hyl^nd membrane (Amer* 
sham Life Science. T.lttlc Chalfont, England) and hound by UV cross-Unking. 



TABLE 1. Number* of STEC isolates of human and bovine origin in strain sets 2 and 3 classified by serotype 
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U 


I. 
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10 
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9 
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10 
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12 
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48 


BD 
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24 


HUS 
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4 


3 


12 
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30 


Total human 




11 


1.6* 




15* 


6" 


37* 


10 


11.2 


Bo^fne 


8° 


0 


w 


t 


13* 


S» 


32" 


. 0 


77 



" NS, STEC i*olutc* from bumnns with no aymptomB: D. Isolates from humnns with, uncomplicated dinrrhco; BD. Jsolntcs from fiumanc wiih blwdy dinrrhen; HUS P 
iwleccB from humans with hemolytiouremie nyndrome, All of the human Isolates were used for set 2. 
* Isolate used for set 3. 
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TABLE 2, Overall diKtrihutiwn ofuhxA. espP, r.uc % #tx t , and atx 2 in 
STEC isolates from serorypes which are reportedly nor found in 
humans, from serotypes found in hurmins, and from serotype* 
clearly associated with severe di&cnsc In humans (set I.) 



DiVribciitifV' In serotypes: 



Gene 



Total 



Nor. fiunj 
humons 



From 
humonfl 



I'rtjny pc*eru 
disco RC 



rspP 
can 

StXt 

No, of tsolotcs 
No. of serotypes 



146(61/,) 59 (o0.2) 

m{624) ft (61 .2) 

77f>2.5) 23(23.5) 

mtfilA) 72(73.5) 

134(56.5) 42(42.9) 

2.17 98 



67 (ffijfi; 0.71 00) f»4 (71 .9: (1.0 1 1 4) 

8« (63.3: 0.7^4 1 ) 55 (61 -ft 0.R72fl) 

5i (3W.8: U.0J.28) 4? (4#.3; 0,000) ) 

76 f 54.7; O.OTJ33) 46 (53.9: 0.0358) 

92 tf6.2: OiXI04) 63 (70.fi: 000«)6) 

139 % 89 



116 



53 



65 



V) 



a Of ihe totn.1 237 jcotoic* of sci J.. 1.59 w;rc of onjmnl origin, 18 were of food 
origin, and ftO were of hum on origin. The numbers In the columns represent 
number of isolates. The first number in parentheses Indicate* the pcrccmsgc of 
fhe totol category positive for the respective characteristic. The wcond number 
In parenthei>e<t for the fourth column Indicate the P value for chl-squtire te*ts 
comparing Isolates from serotype* (ound In humans with those not found In 
humens. The second number In parentheses In the ln$t column indicates the P 
value for chl-square tests compering isolates from serotype* associated *ith 
severe disease to nil the others. 



Hybridisation was done following standard protocols (28) with stringent washing 
at 65"C in 0.2x SSC (20x SSC is 3 M NoG plus 0.3 M sodium cJtiatc. pH 7.0). 
Probe that remained bound to homologous sequences was detected with the DIO 
ON A labeling and detection kit following the supplier's instructions. The pres- 
ence of cfa/l detected by J'CJ* following ibc method of Sundhu orid collnb- 
urn tore (2V)« Siniin* *y)4 and 2348/69 served «* positive i.ind negiirivis control*, 
respectively. Espres>ion of the hemolytic phenotype wa> detected by incebntlng 
isolates overnight on washed tfheep erythrocyte pline? (2). When PCH und 
phenotype resuit* were com rmh'ctory, dot blot byhridi/nMon of plasmid DNA 
used to confirm the result* with a digoxigen In -labeled probe made of the r.hxA 
PGR product of strain 4304 as described by Bocrlin and collaborators (4). 
Plpsmld preparations were mode by the ulknlinc lysis method (28) with one 
phenol-chloroform extraction, and .1 \x\ of each preparation was binned onto 
Hybond membrane and bound by \JV cross-l inking. Hybridization and detection 
were done under the same conditions as for Afef. For detection of wpP, the s^ttne 
dot Mot ptasmid hybridization method was used as for rJixA, The di&ufgefllQ* 
labeled probe consisted of a PCR product from srjsin 4304 covering the whole 
cspP coding sequence. Strains 4304 and 234B/GP served as positive and negative 
control*, respectively, Jn of queMionnhle results, the detection was repented 
by using Southern blotting (28) after running IS nl of plosmld preparadon In a 
fj.(<% agarose gel. Hybridizations after Southern blotting *erc done as described 
flbove for dot blots. The presence of the genes was used as a proxy for the pro- 
teins they encode. 

Adherence of STEC on HKp-2 cell cultures. HBp-2 cell adherence assays were 
performed according ro ?tnndard protocols (7. 20), EricHy, 5x10' HEp-2 cells 
wjjre incubated owernljiht in 400 u.1 yf Englu'n minimum essential medium 
(EMEM) with antibiotic and 10% fictnl calf scrum (FCS) in each well of an 
eight-well permanox culture slide (Noigc Nunc International NopcrviUe, II.) at 
37*C in o. 5% CO; atmosphere. The cells were washed three rimes with phos- 
pbotc-bulfcred saline (PBS; pH 7.2) before use. The STEC attains to be tested 
were cultlvntcd under aerobic cundriJon> uvwmight ot 37'C In Lurta-Benani 
broth and subcultured In EMEM with 1.0% PCS mid 1 siM OiCI 2 at 3T'C 
overnight ui a 5% C0 2 atmosphere. Approximately 4 x l(r** baacrfa were inoc* 
ulated in 300 jtl of EMEM wjth 10% FCS and 1% o-mnnnoac in each well of the 
culnife slide* and Jncubiued for 3 h. tu 37*C in n, 5% CO> vrmosphere. The wells 
were "ashed three times with H<S. ond the ceils were inciibntcd for 3 more houn> 
under the same cond)tions. The slide* were then washed three dmes with PUS, 
and the cells were stainc4 with the DlfNqutck staining kit (Dnde Dtajjno^tics Inc. 
Aguada, Puerto Rico) following the Instructions of the manufacturer. A totsii of 
200 cell* were examined under the microscope, and the cells with more than 10 
;iJhcront bacterid per cell wt:n; counted, Strain 6*264 (OlS7;M7) wn* u.y;d its i\ 
poftJtivc control ror on.cr» mien oltoatBi To com/ol for doy-to-clny vorlrjuvn, till mu 
results were reponed in proportion to the pomovc control. To control for within- 
dvy variation^, all ioms v-ere dune in duplicate, nnd the results ore expressed us 
the average of the duplicates, 

SrnristicH) Analysis, AH analyses were performed with SaS for Windows ver- 
sion 6.12 (SAS Institute Inc.. Cary, N.C.). tor die nnnlysis of pssotiations be- 
ow-en virulence factors and isolates of serotypes itssociated with humans or <;C 
serotypes known to be invtjlved in severe disease (set I), univaHore analysis with 
chi-wjuare tests (34) and multivariate analysis wji.b logistic regression, including 
i> backward-clJiulti&tJuji ptooidura (threshold" of 5% signifies dcc). *crc used 
1.14). AsRociadonj? between eova dates were nnolyrcd with McNcmor's association 



tests (34). Roproducihlltty of the HEp-2 cell adherence assay was assessed by 
calculating an Introeluster correlation coefficient (34) with a generalized linear 
model. To lest for purcntfcd interactions between coc and the genes of the otfier 
factors in the logistic regression model, a manual forward procedure w^ used 
with a threshold of $% significance (stn Optica I Interned cms are present when. i»*o 
c^pInn/Oory tunable* do nui act independently on « rc-srK>i»$e vjirioWe, ihu.^ 
suggesting the presence of (<yner;;li;m or antagonism at the biological lev^l). 
snmc procedures weie used for the analysis of associations between virulence 
factors and severity of disease in isolates of human origin (set 2). Howc-vcr. for 
the latter nnnlysfs, the serotype variables were forced into the model, the level of 
mJheren.cc «.in H.l;p-2 w;;u% (if so Included, and the rwc vvrinble wn$ nor us^d 
because all ihe Isolates under study wore positive for Hi Fx characteristic. Finally, 
the same approach was used for the comparison of virulence factors and adher- 
ence level in STEC isolates of bi* major STEC serotypes of human origin *crsws 
those of bovine origin and of isolates from severe or less severe human disease 
versus those of bovine origin (set 3). 

RESULTS 

Homogeneity of vfruJcnce factors within serotypes (set. 1). 
AIJ the isolates within a serotype were identical in terms of 
presence or absence of the noe gene for ihe 65 serotypes with 
more tliHn one Isolate in set J,. Within these 65 serotypes the 
er/a*4 and espP genes were consistently present or absent in 54 
and 52 serotypes, respectively. The variability rn terms of Shiga 
toxin was slightly higher, with 43 and 4J. serotypes with homo- 
geneous patterns for srxj and su 2 , respectively. A strong asso- 
ciation was present between cac and ehxA in the McNcmar test 
(/' < 0.0001; odds ratio [OR] = 93). 

Assort ntinnp hofM'ecn virulence factors nnd isolates of sero- 
types reported in humans (set 1). The distribution of the genes 
for the virulence .factors under study in the different categories 
of set 1 is presented in Table 2. The results of the chi-square 
tests for the comparison of isolates from serotypes found in 
humans and those from serotypes not found in humans are 
reported in the fourth column of Table 2. When modeling the 
associations among the five virulence factors encoded by ehxA. 
espP. «rr/e. stx ir and ytor 2 and presence in humans with a logistic 
regression, model, only eat and sfx z appeared as significant 
variables. This was the case in both a full logistic model com* 
prising all the virulence factors as independent variables and in 
a reduced model resuming from, the backward-elimination, pro- 
cedure. The only significant interaction between intimin and 
the other virulence factors of STEC at the 5% level was be- 
tween Eac and Slx2, The coefficients, corresponding ORs, and 
P values lor the two models with and without interaction are 
reported in Table 3 and 4. 

Associations between virulence factors tind isolates of sero- 
types reported in severe human disease (set 1). "The proce- 



TABUE 3. Coefficients, P vnlucs. and ORs for the logistic 
regression models of the association between virulence 
factors and. STEC isolores from serotypes 
reported in humans" 



Gene 




Model I 






Model 2 




P 


P 


OR 


P 


P 


OU 
















espP 














I.V"7 


1 .OH 


o.oooa 




(J.S5 


U.I 7 19 


1.74 
















vj*5 


1.23 


0.0001 


3.41 


0.86 


0.OU4 


2.3f3 


er/eVXj 








1.72 




NA 



" The first model wan obtained by uKing ji backward .elimination procedure 
w-idi n rhrohold of 57o significance. The second model wo* derived from the first 
one by ustlnj; a (orwmrd procedure with n threshold of 5% significance to detect 
significant two-way lm croc lion terms. $ t coeiTicien^ cac*sf* 2 , interaction between 
cue and*'o: 2 ; vnrlablc* not slpnlflcMni at th« 5% level und not included jn the 
final models; NA r not applicable. 
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TABLE 4. Detailed ORs for the logistic regression model of the 
association between virulence factors and STEC isolates 
from serotypes reported in human s, inducing 



the eoc*xtx 2 interaction (set iy 

Comparison OR 



cac positive su 2 negative v? p r az negative ntx^ negative 1.74 

cac negative su z positive vs eat negative soc 2 negative 2.36 

eae positive *tr 2 positive vs cac positive six z negative 13.20 

eo/y positive «r a positive vs can negoiive atx 2 positive 9.68 

eae positive sa 2 positive v* ece negative stx z negative 22.87 



• *<M positive, isolate carrying the cpc gent; w negative, Ittolnte locking the mr, 
gene; m x positive, isolate carrying die gene; srx z negative, bolufie locking the 
xec? genc. Theec results indicate, tor instance* that nn wc-pwitjvc unci j« 2 - 
positive STCC isohUx is 13.2 times more Jikcly to bo from ,t scwiypo prevlouiily 
reported In human.* than on ^-positive buua r ncgfttlvc inolate. 



duxes described above were also used to compare isolates from 
serotypes found in severe human disease with those from other 
serotypes. The results of the clu-square tests for this compar- 
ison are reported in the fast column of Table 2. The logistic 
regression analysis of these data resulted in a model similar to 
the previous one. with only eae (coefficient = 1.67; P vaJuc = 
0.0001; OR = 5.33) and stx 2 (coefficient = 1.58; P value = 
0.0001; OR = 4.86) significantly associated with isolates from 
serotypes found in severe disease. However, there wa& no evi- 
dence to suggest an interaction between intimfn and the toxins. 

Reproducibility of the HEp-2 cell adherence oflsn.y. Based on 
repeated trials of the HEp-2 cell adherence assays with a set of 
15 isolates representing a broad range of adherence levels (0 to 
1.4 in proportion to the positive control), an intraclustcr cor- 
relation coefficient of 0.89 was obtained. This result shows that 
89% of the variability observed in the HEp-2 cell adherence 
assays is due to the strains and that only 11% of the variability 
is due to experimental error. 

Associations between virulence factors of human STEC iso- 
lates from eight major serotypes and disease severity (ect 2). 
The distribution of the genes for the virulence factors under 
study in the different categories of isolates from set 2 and the 
corresponding P values for the chi-square tests are presented 
in Table 5. Among the variables tested (serotype, ehx/i. f espP, 
six, and stx 2 , and level of adherence on HEp-2 cell cultures), 
jar, was associated with, uncomplicated diarrhea and healthy 
individuals in the univariate analysis (Table 5) and stx z wqs 
significantly associated with severe disease in both the univar- 
iate analysis and the multivariate logistic regression models 
(coefficient = 1.60; P = 0.0038; OR = 4.95). There was no 
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evidence {P > 0.05) to suggest an interaction between the level 
of adherence on cell cultures and the toxins. 

Comparison of distribution of virulence factors between iso- 
late* of human and bovine origin among six common STEC 

serotypes (set 3). The distribution of the genes for the viru- 
lence factors under study and the level of adherence on HEp-2 
cell cultures are presented in Tabic 6. Univariate analysis with 
chi.-sqii.are tests suggests a clear association between .?/x t and 
bovine isolates compared to that with human isolates in gen- 
eral (P value < 0.008). This crude analysis also suggests" the 
same association when comparing isolates of bovine origin with 
those from humans with severe disease. In addition, STEC 
isolates from patients with uncomplicated diarrhea and healthy 
individuals seem to adhere significantly better to HEp-2 cells 
than do isolates from cattle. Logistic regression confirms the 
association between su } and bovine isolates, when compared 
to human isolates in general, to isolates from patients with 
severe STEC-associated disease, or to isolates from patients 
with uncomplicated diarrhea and healthy individuals (Table 7). 
Logistic regression analysis shows similar associations fotespP 
and a significantly higher level of adherence on HEp-2 cells for 
STEC from humans in general, and particularly for STEC from 
patients with uncomplicated diarrhea and healthy individuals 
when compared to bovine isolates (Table 7). Finally, the logis- 
tic regression, models also suggest a lower prevalence of .«x 2 
among isolates from, patterns with simple diarrhea and heajthy 
individuals than among those from cattle. 

DISCUSSION 

Among over 100 serotypes that have been recovered from 
humans, serotypes 0157:H7 and 0157:H- clearly represent the 
majority of isolates associated with disease. However. STEC or- 
ganisms of many other serotypes have been isolated from patiente 
with HUS and HC with variable frequencies. The dif crcnccs in 
frequencies may be partially related to reagent availability and 
methodological bias in the detection of STEC (9). Huwcver, pre- 
vious studies have also shown a. large spectrum of variability in 
virulence factor makeup in STEC populations, and many re- 
searchers have attempted to correlate the presence of specific 
recognized or putative virulence factors with disease or severity of 
disease (10, 12, 1.7. 22, 24, 29. 30, 32, 33, 38, 39). 71:e main 
conclusion of these previous investigations has been that no single 
factor is responsible for the virulence of STEC. In all these stud- 
ies, the role of each factor has been analyzed separat ely, without 
accounting for linkages between, virulence factor*. This simple 
approach may bias estimates of the role of putative virulence 
factors in. disease pathogenesis by not correcting for the con- 



TABLE 5. Overall distribution of violence factors in 1.12 human STEC isolates of serotypes 02&H11, 026:HK 0103:142. OUl:H8. 
OT1l:H-, 0145:H-, Ot57:H7 f and 0157:H- toUitcd from individuals with ncvctc disease 
or with cither uncomplicated diarrhea or no symptoms (set 2) 



Gene or characteristic 




Dwnibmmn* 






Total (m = U2) 


HUS and HC (n - 54) 


D ond NS (n 




tapP 
cac 

S*X\ 


101 (90.2) 

815 m.fi) 
112(1000] 

7S (67.D) 

60 (53.6) 
1.144 (SD = 0.810) 


SO VW t O.407J) 

42 (77,tf;0,8Hrd) 
54 (1(1(1.0:1,000) 
2V (53.7; 0.00*0) 
.19(72.2:0.000!) 
1.056 fSn = 0/>9f>; 0.2662) 


31 <fi7 t ?) 
44 (15.9) 
5*000,0) 
46 (79.3) 
21 (36.2) 
1.227 fSD = 


o.twi) 



" 1X0, Wendy dlnrrheji; D, uncomplicated diarrhea; NS, no symptoms. The first number in pnremhescs indicacca the percentage of ihe total category positive for tho 
chare etc ristic. The second number In puninihu?*^ for the tnhd column indicates the P value for a chl-nqmrv test comparing isoJmc* from severely diseased patients 
wjib those fjom patient* vrirb uncomplicated diarrhea and healthy in dividual*. 

p HEp-2, Jo«el *>f ndberence on HEp-2 cell cultural measured in proportion m :» pi^itive control. 
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TABLE 6. Overall distribution of virulence foctnr* In 168 human and bovine STEC Isolates of scTotypcH 026:HVI. Ol03:H2, 

OlU;H8. OUl:H- f OH5:H-. and OT57:K7 (set 3) 



Gene or 
chQfactcri&dc 










Distribution" 






Overall (n 


= 168) 


Bovine in 


-77) 


Human (n S3 91) 


HUS + I3D (« • 4ft) 


0 + KS (n «= 45) 


dizA 


15* (94.0) 




73 m$) 




85 (93.4: 0.7026) 


45(97.8; 0.4117) 


4U (»Ji.9; 0.2277) 


cspP 


140(83.?) 




69 fSy.fi) 




71 (78.0:0.0446) 


37 (80.4; 0.0224) 


34 (75.6: 0.0369) 


turn 


168(100.0) 




77(100.0) 




91 (100.0; 1.0000) 


46(100; 1.0000) 


*5 (1.00; 1.0000) 




129(76.8) 




67(87.0) 




62 (68.0; 0.0039) 


26(56.5; 0.000 1) 


36 (60.0; 0.3027) 




S3 (4'J.4) 




37(4*.!) 




46 (50.5: 0.7470) 


33(71.7; 0.0103) 


.1,3 (26.9; 0.0378) 




0.99J. (SO 


= 0.741) 


0.647 (SD - 


= 0.S57) 


U 12 {SD» 0.852; 0.0203) 


1.004 (ST) =0.682:0.1667) 


1.223 (SD =» 0.992; 0.0083) 



■ The first number in parentheses indicates the percentage of the total category positive tor the respective characteristic. The Kccond number in paten these* for the 
Inst three columns indicates the P value for the comparison? witii the isolorcB of bovine origin In chi-dquorc tenia. 
* HCp-2, level of inherence on Hi£p»2 coll culture* measured In proportion tu n positive control. 



founding effect of other virulence factors and by negleaing joint 
effects as observed in the ca.se of synergistic mechanisms. 

The eoe gene and the entire LEE can be spread horizontally 
in STEC populations. However, this event seems to be rare, 
and the presence at the LEE is strongly associated with par- 
ticular STEC lineages (4). The ehxA and the espP genes arc 
carried on the same plosmid (5) and are therefore physically 
Jinked. Recent work in our laboratory suggests some associa- 
tions between the LEE, the EHEC hemolysin plasmid, and the 
hemolysin itself (4), Previous studies have shown a certain de- 
gree of homogeneity for the presence of virulence factors with- 
in STEC serotypes (12, 29, 30). and the results of the present 
study confirm this observation. This is also true, although at a 
slightly lower level, for the phage-encoded (35) Shiga toxin 
genes. Analysis of E. colt populations by use of multilocus en- 
zyme electrophoresis (6) has shown that serotype is u good 
marker for evolutionary lineages and is therefore also likely to 
be a good marker for the genetic background of STEC in terms 
of unknown virulence factors involved In the pathogenesis of 
STEGassociatcd diseases. Altogether, these data strongly sup- 
port the approach taken in the present study, in which we tried to 
control for the conlbunding effects of the above-described genetic 
links among virulence factor* and between virulence and sero- 
type, an approach not used in previous works. 

The first part of our study examined the association between 
the virulence factors of STEC and isolates from serotypes 
found in humans or in. severe dis^c. Data on the exact origins 
of STEC isolates received in microbiological laboratories and 
reference collections 8re often very sparse, in particular with 
regard to clinical information. To overcome this limiting fac- 
tor, we chose to use for the flrst part of the study a classification 
of isolates based on serotypes and their respective associations 
with humans as staged in die literature. Due to a lack of exhaus- 
tive descriptions and reporting to the literature. rJiis approach 
may be subject to misdassification. It is expected that if this type 
of misdassification. occurs, it will tend to decrease the significance 
of potential associations. Therefore, our approach may tend to 
ignore some weak but otherwise significant associations. 

We observed no major difference in the frequency of ehx/1 
and espP between, isolates from serotypes found in humans and 
those not found in humans (Table 2). However, eae and sU 7 

were sigrrific/mrly rnorc frequent in isolates from acrotypce 
found in humans, and this association, was even more signifi- 
cant when we compared isolates from serotypes clearly asso- 
ciated with severe disease to isolates from other serotypes. The 
reverse is true for stx lf which seems to be found more fre- 
quently among isolates from, serotypes not found in humans 
than among those associated with humans. A significant dif- 
ference to ztvcA frequency was observed between isolates from 
serotypes specifically associated with severe disease and those 



that are not. "This is not the case for eypP. These crude data 
•suggest on association of. cac and six 2 with isolates of serotypes 
found in humans and possibly ofeae, su 2 . and ehxA with sever- 
ity of disease (Table 2). Our results are in agreement with, 
those of previous studies showing that ahxA (29, 32), (24), 
and s(x 2 (22, 33, 37) are found more frequently in STEC iso- 
lates from patients with severe disease than in other STEC 
populations and. that stx ] may be associated with some STEC 
isolates of bovine origin (18, At)), However, in our multivariate 
analysis, only cae and stx 2 were significantly associated with 
Isolates from serotype's found in humans or with isolates from 
serotypes implicated in severe human disease. This suggests 
that most of the crude association of EHEC hemolysin with 
severe disease could be due to confounding effects of the major 
virulence factor intimin (Fig. 2A). Alternatively, collinearity be- 
tween em and efvrA in our model may obscure the true relation- 
ship between dvc/l and human STEC isolates or disease (Fig. 213). 
Thus, as has been shown by others (2, 29, 31. 32). our results 
confirm thot EHEC hemolysin may represent on interesting vir- 
ulence marker for STEC involved in. severe human disease. How- 



TABLE 7. Coefficients, P values, and. ORs in logistic regression 
models describing &reoda.tu>Tis between STEC vjj-ulen.ee 
factors and origin of STEC isolates (human, with 
severe disease or un complicated diarrheo and 
hcoliny individuals versus bovine)" 



Ocnc or 




Model I 






Model 2 




Model 3 




charac- 


















teristic 




P 


OR 


P 


P 


OJ< 


P > J 


OR 


ckxA 




















-.1.56 


0.0094 


0.21 


-1.43 


0.035 


0.14 


-1,60 0.0292 


0.2O 


war, 


-1.78 


U.O0UO 


0.17 


-1.94 


O.OOOfi 


0.24 


-2.20 0.004/j 


0.11 


sir. 2 














—1.3*8 0.0435 


0.15 


HEp-2 


0.95 


0.0047 


2.5? 








).22 0.004? 


3.39 



" Model 1, lojjipic ri»£re*MOn mod*) obtained by bnd<w#rd<limin<>tion proce- 
fJurc and describing associations between STEC virukneo factor* and human 
isolates in comparison to bovine isolated; model 2. logistic regression model 
obtained by backward -elimination procedure unci describing nsHociations be- 
tween virulence factors and isolates from severe disease in comparison to bovine 
isolate*; model 3, logistic regression model obtained by bocta/nrd-climination 
procedure and du^nhing the o^uuatjun between virulence factors ond isolates 

f'fjitt pMlJ'Sritto vflli wriCoriipli'.-tiLcil Jiurrhcu im«J htiiilthy ipU( v i<Ju»l»> in tymparJ. 

son to bovine isolates. The bncfovn.rd-cllm in onion procedure had a threshold of 
5% fliflnfflcanee. HKp-2, level, of adherence on Hlip-2 wl! cultures measured in 
proportion to a positive control; 0. coefficient; -. variable* not significant u.r the 
5% level and not Included in the model. The result* indicate, for instance, that 
"'hen all the other facta™ arc kept constant, an cftp/lpoalfjn; isohite j* five times 
les* likely (equivalent to 0.20 times more likely) to originate from a healthy 
human or a h|jmno with simple dinrrheo tfian from cattle (model J}. Similarly, for 
each incrcoBo of 100% in the adhgrcnw Irvcl fio comparison to the positive 
control), nn isolmc is 2.5H limes more likely to originate from humnn.s iJ?nn from 
caule (model X). 
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A B 

FIG. 2. Conceptual models of ntvoctatfuQ* between ci«4, ran, and disuse 
resulting in Btntistica? oraodaUun r*>T.*eijn «rfo>1 and dlsco&c In univariate annlysis 
but not in multivariate imnly^is (for Tewon* of simplicity, ittjj wan not included in 
these graphical Tcpccscntfltlofli). (A) Confounding effect of rwir. i.e., strong 
association of cue with disease, no direct association between chxA and disease, 
und mtronp. asjmdfttJon of <thxA with eure. (B) CollinearUy of vo< and chrA. i.e., 
fltronjj odsoclotion of «m with disease, strong OR&ociPtion of rMxA with disc»i*c, 
and strong associar ion of c/utf. with ran, 



ever, our results also suggest that the role that EHEC bemofyjtiji 
plays in the virulence of STEC may not be a major one, and 
therefore a recvulualion of its involvement in pathogenesis of 
severe disease due to STEC is warranted. Experimental work on 
animal and in vjr.ro models is needed to clarify this point 

Adherence of STEC on enterocytes may be a necessary step 
for persistent colonization of the human intestine and tor an 
efficient local delivery of toxins, allowing a significant absorp- 
tion of Shiga toxins in or through cntcrocytcs and more severe 
effects on the organism than would have occurred without 
adherence. It is therefore not surprising that our analysis shows 
an association between eae and isolates from serotypes found 
in. humans and, moreover, one of our logistic regression mod- 
els also suggests a possible interaction between van and stx v It 
would be of interest, therefore, to confirm this finding on a 
larger collection of STEC with precisely defined origins. 

The second part of our study concentrated on a few sero- 
types frequently associated with disease and evaluated the as- 
sociation, of virulence factors within these serotypes with the 
severity of disease. Our results show a high prevalence of we 
and ehxA in STEC isolates of these serotypes regardless of 
disease severity (Table 5). This confirms the observation made 
in the first part of the study suggesting an important role of 
imimin in strains from serotypes involved in disease and an 
association between the cac and ehxA genes in STEC popula- 
tions. One observes a striking difference in. prevalence of stx t 
and srx 2 between, isolates from patients with severe disease and 
isolates from patients with simple diarrhea and healthy indi- 
viduals. When we perform a logistic regression analysis (forc- 
ing the serotypes Into the model), our results show y. strong 
association between six 2 and severe disease: un JW 3 -positivc 
isolate is Approximately five u'rnes more likely to be associated 
with severe disease than an. *tt 2 -negatjvc isolate of the same 
serotype. In view of the results of the first part of the study, this 
conclusion is not surprising, and it fits with suggestions made 
by others using animal models (8, 36, 39) or less extensive 
epidemiological studies based on serogroup 0157 only (22, 33, 
37). No other factor reaches a significant level of association 
with, (w»vcrc <J»*co&o in the logistic regression ann lysis, interest- 
ingly, our full logistic regression model suggests a positive but 
statistically nonsignificant association between EHEC hemoly- 
sin and severity of disease (data not shown). Due to the high 
prevalence of EHEC hemolysin and low diversity in the pop- 
ulation, only the analysis of a much larger number of isolates 
would allow us to confirm, this association and to obtain a valid 
estimate of its coeJIIcient. However, the results of the first part 
of this study suggest that this coefficient would probably be 
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relatively low. The observed level of STEC adherence on 
HEp-2 cell cultures did not show any significant association 
with severity of disease in the univariate or the multivariate 
logistic regression analysis tor this part of the study. 

"the third pari: of our study used STEC isolates of six major 
serotypes frequently involved in disease to examine if STEC 
isolates of these serotypes isolated from, humans may form a 
d liferent population than those from the bovine STEC reser- 
voir. Trends visible in the univariate analysis (Table 6) arc 
confirmed by multivariate analysis (Table 7) and show a sig- 
nificant association of srx^ and espP with bovine STEC popu- 
lations of these serotypes. They also show that human isolates 
of these eao-positive serotypes adhere more strongly on HEp-2 
cell cultures than those from cattle. This fact is particularly 
marked in the case of isolates from patients with diarrhea or 
from healthy carriers and suggests that increased adherence on 
epithelial cells may play a role In the pathogenesis of STEC- 
associated diarrhea. Our results from cell cultures are in agree- 
ment with another report (38) suggesting that adherence may 
be a more important factor in STEOassociated diarrhea than 
Shiga toxins. However, our results should be confirmed with 
other cell lines more representative of polarized entcrocytes 
(42) or in more complex systems, like the recently described 
adherence tests on organ cultures (13). These models may be 
more relevant for assessment of the adherence of STEC. They 
may better mimic the in vivo conditions encountered by STEC 
in the human bowel r thus allowing the bacteria to fully express 
characteristics only poorly expressed on HEp-2 cell cultures. 

In conclusion, our results formally show that intimin. and 
Six2 arc the virulence factors of STEC thai are most strongly 
associated with disease in humans, and particularly with severe 
disease. These results suggest Ihat STEC strains carrying the 
tut and stx 2 genes should be the main targets of preventive and 
therapeutic measures. We could not detect any significant as- 
sociation of the newly described EspP pnxcase with disease in 
humans. In contrast with previous studies using univariate 
analysis, the present work using multivariate analysis did not 
show any significant association between EHEC hemolysin and 
disease. This may be due either to a true lack of biological 
significance of EHEC hemolysin in the pathogenesis of STEC- 
associated diseases or to colli near ity problems in multivariate 
modeling. The latter point clearly need* further clarification. 
Our results show that distribution of virulence factors and 
adherence levels differ between, human and animal populations 
of the same serotypes. Thus, our results strongly suggest that 
STEC isolates from humans form a different population than 
those found in the bovine reservoir or that they are only a 
subpopulation of the latter. 
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Escherichia coli Harboring Shiga Toxin 2 Gene Variants: Frequency 
and Assorfaii n with CUnJcaJ Symptoms 

Alffinrf tt W. FrfcdrlcV* MpitlWI BlelaCTOWsW 'Itntimt/tr tyrf*** *m? Hfkntitoldjrte if,r Vtttwwttt War&nrs. 

Wen-Lao th «if. u MaMltfe* Pule, 1 Ttoorsiat KricrinV'* Wnk'm, WWerrac/ufcrtox u*4<$tct**4keiinxmt. Atoll**? 

And™ Ammon/ and HMjm Kartli" mobility*. Hn**nvtr. >Nittt»mti*j Wetwtnim 

Wf Solmotielitn u*A mfcn txrlJrri<tl* f>t*'Wff*ttr t TlyrJ*** 
Ingttmi. Hemtmry:. a*A 'Robert Ktidi-tntrit^ Z*mn*m 



Shit* ttjrin <$1l)-pT0dnelog EnhfrtthU ttft (STEC) from jwtienfB wfih hcm^lytU-i ramie 
wjntnmt (HUS), partrmo vlH> njarrfiea vfttaot HUS, or Aiymplomotie *ffb>er*' ver* i^th> 
typed in www MRMKltdtnt het*ctn «rx, nri»of* pnd clinical manifailarJonji of infection. 
Ncflfer m H nor «pi found In STEC IfoTatet frem patfertv Htlt HUS. Of M2 STJ5C 
feofatrs From paHento wfin dl wbtt, r/r* wop fmmf* In 41 USUS* i < 4M0frl), f Ad rtr„ vm 
foniMf If? 1) (4.6%; F es ,0004). The ffr„ fjenntype frtqiffflcy w*i Hmflar am ana ftolelaf fmro 
pnrtentt wfth BUS 0.7%) nnd dtorr hee (5*0%). 7h«? frinjiienek* of rrr*. mulm* amen % 
% PTRC fwlnte* from *f>mpfofn»ric ruhjcctn were eamnirtbia in Ante mxm% imtatc* from 
pvricnta with rtlrorne*. None of FJie 42* STEC ln*vJofcrc cfmtafnod rfr vr AIT ttr^p&tU^ or 
ft* t /?neftf »* 6TEC Jm!»tOT w»*e *nr nc^fjTc ami origin*!** from xiinjrrfj? #M,eir than thwe 
wlch STEC Jr-elem* wli> tfx,+ ifXwfnMvc STEC Holatcv can eetito WJS t not fae prmnc* nf 
r/j>, nr i*** may predict o milder dfcease with a minimal rlnlc nf llf^S. 



Shiga toiln (Su)-pfodi«ing Evtotrlthto toli (STEC) cause 
drarrhea, bernonfiagrc coHtfR, mm) hcmnlyfJovrcmte syndrome 
(HUS) worWwfde (1-5]. 5a ore considered to be rite carti noi 
v^mJence factor* of STEC. TTieac lojsinp ooopisc of 2 major 
typo, Sul anrf Srx2 [6]. Sta2 to closely related id a family of 
Six! varlanrs or ft/ids? (SfJt2c (7). 5(x24 [8] r Stn2e fj], anrt 
to2f flOf). T^cse rpfipectivc Stt2 varfoflfa hiivc 99.7%, 94.9%, 
94.0%, and 63.4% nucleotide sequence identify ro (Jicir A su^- 
Hff|iaand95-2 , JS> I 86.6*. 79,0%,ar>d 75.4 / & rmclcoride ae^icnce 
Identiry In iheJr 73 whvnm to tlic cun t up o mlfng pnbunity of ()ic 
S|*2-cncodi ng ^ene (7- T 0). AlriWUgii Si*2c and 5tx2d a» pro- 
duced by STEC strata fwlweU from liumans [7 r ^ k U.-I.4). 
5f *2e ty mcnJIy It associated Hd> p?g odema discwe (9, ) 5] and 



ftoedm) 26 /*w 2001; rc«M J 7 SenremlX7 200!: ftJccrrw/oflfiy puMliM 

ft»aited in p»t; 4fj) f nicmttjnMir 5^mno«lT7m end Wnrlomop nn Sfrc* 
Tojiw, (V cuxy w jmjJ pH Ppytfnrfwa KmhnnrJtto wit Inferior*. IQroto, 
Ji^oa 29 Qcmf«r*2 Nnvemner (abMnci, 260). 

The tfiid? ««* oondficnaS, «lffi, ft* nmvn*ti! of ibc tnnlruuomrf revfev 
bom 4* ju d?e pprridpoiJu^ mnlbfiimr*, 

Wrund4> swpnwi: fruif Tram Buodr*mJniffedum fDr Mldnns vnd 
Rjn«dniii(j VtifflMft'fftfnjekr, rarKhuagFviefewefft "BmctpmR foorfhomc 
pu»bo»w l" CwwanjT (DJ Kl 9903>, 

Kn flo^Jw hif. a connngrdal irrmtt*. frtrtha a*m*AwAm dtsf. rtsJflhi; fn» o 

■ PmKfff ofliliirton: FnjiUnn fftr Wypw*, VnfvtnriranJtfiftlioifp Mflfi«cr, 

neffOWi Br nawpmn naawt; Dn If dgn JCnffh. UnLwt MiAWirn^m MUn^cr. 
InvdUK fUr Hyticnv RAca-XocfKStr. 4 1.. 44] 49 Mdnm k CWm» r (North <9 
mA-mitrnttiJit). 

O 2972 ft? AtolMtataMiXMMnSoetBV >r a^wf»e«. 



has been dcrecred only rtrcfy rn STGC of human origin f 16- 
1.9J. 5rx2f taa |«en Identified in STIsC Wared from feral 
p'0e9i)it [70], Inn, to dale, onfly a single buman iBotarc (20) has 
bean, phown rn pnaaesB an s/r, x vnrlsnr witf> exeen9tvc f>99%) 
nucleotide pjqiwncn homology ro//x y (I0J. 

Dafa tnggert iffiat the clinical ouacomjc of STEC Infection 
depend* on 4s m genotype of tfie infecting total. Afdicntgh 
the sac, or szx/sUf genotype* predoffrfnaie In STEC iwlilcd 
from ptficnts wfth tm complicated, ixtfection (f.e» those who do 
not develop HUS) [21, 22f P wjp, nn* been me moat pravaJcnr 
toxin genotype fderuiffied m STEC iaolaieil fmm p&tscniB with 
HUS (21, 22). In a study fmm the United Surrey porienra brfooed 
with STEC OI57 pos amlng su* ftrxt not. arx, wen; dgnlf]ean0y 
more f \My itt develop sysremic aoqudae> incli/dlng HUS. than 
were parJanfa Infocfod with. STBZ 0157 harboring irs.j alone or 
su, and stx, [221. Recently, a strong stinfadcaJ association aJao 
wan demonstrated berwnen fJ).e preaencp of the ^jp, genotype 
and the severity of btnrun dlnease* Including *J» development 
of HUS and bloody diarrhea, for STBC befongtn(r to the major 
Don-Or57 acrogrmips, Indurftng 025» OI.03, 0?ll, and 01*5 
[23 J. These dsta demonatrate that, the ccmjfypr: airgmems 
tlte ability of STflC fo cause senow horrem dineaaes [2Z 23J. Tn 
conrrast ro STRC containing stx if rise a«ociaion of 5THC ibai 
harbor /or> variants wltb dinfcol di^oaac is poorfy undemood. 
SoecMcaJiy, me few spitfles pertormed to uaic on if)c nKqneocy 
of tfxj varfofiM in human isolarca [8. 1 1, 12. 14. IB, 24] often 
wbcc done on a, relatively «m«JJ aeale, compnftAd ^elected groopi 
of individual? (fiijlrfecta wfeh HUS or dierrhca or who were 
acymptomode carrier?) and/or of STEC (OJS7 or non-0137), 
md cumfned a U ml rod Rpectrum of nx 2 vttrVmtn. 
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To better undo-aland the rijmJfieence of STBC tenorrofi 
vnrtoM mhiim to 6i*cmc we InvtsrJ^oisd aJl stool tmplcs wb- 
mjoed to w lubatuorj for roudne mfcrjoiolojEfcai dlngnota 
hrrwoen 19?6 end 2000, wing a ppecwim of polymerase chain 
reocifon (PCR) procedures to defect m h tit* And «tX| vwlante,, 
including BVtj* six** Hx 9m ond jptp. We rfereTramed die reJstW© 
frequency of STBC haHwHng (he *tx 9 gene varisnti end rhelr 
ASMdaifon wlih clinical symptoms. We aJpo pefotyoed Use i«o- 
hjca jnd wuewed the presence of the tat gene. an Important. 
8occsP5ry virulence gene of STEC f2!, 23 J. Rmhcrmore, we 
Investigated whetlicr or not toe STEC hedjoring veriom* 
eaprewed 5« And whether or not these wxlns could be detected 
by commnxfoi Sut bnmimotMsyff. 

Material* and Methods 

SmolsfltttmeKS ond tsoiaifan qfSTEC From /anwary 1996 to 
December 2000. 5*87 moo) sample* from pflttofltf wffb ctorie 
<n©Sl0) and jmtcm with bloody f/t 67) or watery 
(ft 9 4910) disnmea were invwrjffnitd for me presence of STEC 
dsrfni routine diagnostic work m the frntftwo for Hygfene end 
Microbioloey (University of Wflrcborg, Wfjp7fcii/{u Germany). 
Screen ing for and Isolation of STEC from *ioo!h were p e r fo rmed 
o» fellows: I (Cj of stool *<w g^rown. in. 10 ml* of ON Grodi He|ne 
(DJfco LiboTflTjriai) for 6 h. E coW 0157 wk wight Jn I rnL of 
this eflrichmenr eaftnrc by «w of en fmmimomagnedc ReponLtton 
(FM<l) redinhj/ie and suteequcm culrore of mognerJcnlly ixpnrsDed 
orflpMwnt on lorWml MucConkey fSMAC) ago/ ond ccfljtac-f/:)- 
uH«b (CD-SMAC ogannB described elsewhere [25J. To find nm> 
0157 STEC. 200 /if* of the enrichfliom CBtoure w« culeered on 
5MAC agar. The ovwnfcet hoeta**! growth was harvested into J 
roL of wflne, flnd HP eel It were o«d Jn the PCJt with the prime? 



pair* KS7 end KSB [,2G] And LPi3 and UW [27 J. winch, comple- 
ment (he *f* y , end «*i variant genes, reapnctjvcly fiaole X). 
Tljin PCR gciteeiftg also wo« applied to the iMS-p raccatcd cuftnnc* 
from 5 MAC ngnr and CT-SMAC agar States, ro look for sorbitol* 
fermenting STEC OL57. The PGR* were performed wjro rJao Gemr- 
Amp PCR System 9500 (Pedde Clroa- Applied Bioiyaiemfi) in a 
volume of 50 jiJL mat oonmined 5 pJ. of beefertil 
(10* oclU), 200 /iAf tKh dNTP. 30 pmet of ced> primer, 5 ;J~ of 
l0»fold*c^eem/itf/^nolymerBse5ymt»e^»l^^ LSmMMgCl^ 
and 2.0 V of Amplify DNApoIymeraw <Pcrldn Elmer- Applied 
Bionyemme). Tin? PGR condition* we shown In wblc I . The ompf I- 
ftcorion produm were ttfytcM tn iu»ma/lfle gel dectxophorcp^ 
4n e 1.5% (wc/yqI) Agaiora (prf And were vimljrjed by ifBinif^i 
widi erWdlwm l)romWc To Identify 5TKC In PCR-posllivc 
suntple^ cotony Mot rr/hridlwOOTi wSlh 100-200 welNitepe/»»d 
colonien wn) performed by n^e of digpjJgcnin-Jftteted stx, cna srj 3 
probe* prepared, wfrli primer pnlrs K57-KS8 end 1^3-^44, 
mncetlvcly, from. C co// 0157:ff7 mnin ^155- 933 f,26]» cs 
dcKcribodby Schmidr er.al« [26], 

In dddilion to STEC Uoleierf &om ppO.enM wiU> TOS or frnm 
parients widi dtarrncn wlf^out KTJS # 9$ STTEC rtroins orijpnaiini 
from acymptnmerJe mdMdotlB were Included In ibe present *mdy. 
TIick orsantcms were Isolmed between ! 996 and 2000 In me Govern - 
rnertel fnrttute ofPuf>fi« Hcnlrfi Low 3a»ony (T4imnover,Oermsny) 
durh^ epMemlologiCHl invocations snd were Dtbmir^ed (o our 
IjiborciforyforfiffiherchRraoferteerJon. 

«x $*iwrypf*$ omditMcfttm, oftkst&t $tnt- The /tt gerrofypen 
die presence ofdte enc gene In STEC Isolate* were denermrned 
hy PCRj ftnf iraed the primes end condition shnwn In taWe I.. Hie 
pwaiepy to detects varionu was esfoHowA; S77EC mat wcrepoaJ* 
tlw^ in the PCR with prtmitr pnlr and fwhfcb deteeta A 
summit gene* of and twiants? table 1) were subjected to 
PCR wWi primer pair OK3 ond CK4 [29J (oMe I ). Tlie OK3-O101 



Tajtfg U Pelyrwm<eehiUnreoj»Jo9(PCR)pnn^OTd:onndiU^ 
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DKnarjjrtng 
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T-CCC O0A TCC ATI3 AAA AAA ACA TTA 
TTaaTACC-J' 
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282 


126] 




CAA rrc AGCTAT TCT CAC TCA AO>y 














IM 


^atc cta ttcccc goactttac or 
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57,fl0 


72- AO 


5«M' 


(27| 






vsmnr^ 












S-OZO TCA TOO TAT ACA CAC GAG W 














CIO 


y-ATO AAC A AC A71JTTT AT^y 


»r*jlS, it**/} 






72.0 


260 


I29J 




f-TCA CTC ATT ATTAAAC7W 
















5» ^A C A AC AT A TTT CTA OT5 W 




H30 


35.07 


72.01 


25*5 


f»l 


vn.f 


f'TAA ACT OCA CTTCAOCAA AT-5* 














net 


f<CC OCA TCC AAC AAO ATO TTTaTa C3' 


SIXtJJ 


!W.J0 


55.60 


72, an 


2*J 


I30T 


na 


T-CCC GAA TTC TCA C7T A AA C7T CAC 
















?.A0A TTCOGCCTC ATTCACTCCTTC-r 






5T.ao 


ta.60 


«a 


M*l 


120-2 


y-TACTTT AATCOCCCCLtl CTCTCC-y 












SKI 


y-COC OAATTC CCC ACA ACC ATA ACC-3' 


fit* 




52. <W 


7X«0 


W3 


12*1 


SJC2 


T«CCC OCA TCC C5TC TOC CCA CTA TTC (W 















HCmL rtr SJrfptfoib! gent. 
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To bene/ undwtfond flic significance of STEC harboring *7i, 
vprj wb in Jw men di tern, wc I rtvt BrJjjomd alt stooT snnrplcs sub- 
miffed to our laboratory for routine microbiologfcBl diagnosis 
between 1996 and 20OO, using a cpectruro of p?ly w««t chain 
rcperf o (PCR) procedures to detect Jtt* fix*, ond srz t virions, 
including sHr M jr*^ and tlx* We rferennmed toe rdtlhc 
frequency of STCC hertjortog the jrjrj gene variant* end diet* 
(vxy« will) clinical symptoms. We aJro iqerotyped, fee i*?- 
tores and ssreaerf rlie presence of rile ew gene, an Jmpofomf. 
accessory virulence gene of STOC [If, 25). fttrfbenrfore, vc 
JnvtsiigBttd udwtlicr or not me STOC harboring srr f variants 
expremd S« and wbewer or wx *fxst. tmin$ eouM be detected 
by commercial Six rmmuoosa*ay*\ 

Materials and MefJimS* 

Smolspvclmtfir and Uofntttm nfSTRC prom January 1995 » 
December 2000. wo* samples from pcilmn urfm ele**rt 
HXT5 <w = 319) and patient* with bloody firs 67) or wwery 
(r = 4910) dfurrtten wens investigated for lJ>e presence of 5TEC 
daring routine diagnose work In tbc Institute for Hygiene and 
Microbiology (University of Wnraborg, WDrzburg. Germany). 
Screening for tn4 ifoJarfoft of STKC from spools were performed 
0* follows: 1 g of rwoJ w«* grown Id 10 mL of GN Broth Hajna 
(Dtfto Mhoratorfcs) for 6 h. K, c»H 01 57 was- sotight in I nxL of 
thfc enrichment oeltorc by iwc of on immunomagnetie aepsrBtlon 
(TMS) rrdmiqrjc sod atrijsequeni cufoino of i*)/*neOcal)y separated 
organisms on sorbico? MftcContey rSMAJQ *gar end c&fijtlmc-iel- 
urftt <CT)*SMAC agon as described elsewhere 125). To Hod non- 
0157 5TEC, 200 ^ of flic enrichment eoliure *m cultured on 
SMAC *&t. Tbe overnight bacterial gw«*ih waa harvca/cd Into 1 
mL of iflline, and JO* cells wore w?cd in rite PCfc wirh the primer 



pa>m KS7 end KSB |?6J end LP#3 avrd f-P*d [27]. which complc- 
mem ihc jrr,. #tr h and its* variant genes. respectively fwblc l). 
TIjw PCR rtretnrng also win opptted to ihe IM5H?roce?ted: alitor** 
from SMaC agar snd CT-5MAC ogp/ prates, ro look for sorbitol- 
fonncntfftg STOIC 1 57. Tbe PCRb wen performod »|rb rbe Cone- 
Amp PCR System 9600 (PwftJn Etmef-Anrificd Hiosyiiems) in o 
volume of 50 //l^ n>it oonotJocd 5 of boereHsJ suspemmo 
(f 0^ oslU). 200 /<Af each dNTP, 30 pmol of eacb pnner. 5 cf 
lO^old-conesiRxaBed polymcrsse syndiem buffer. 1 .5 mM MgCI„ 
ind 2i) U of AmpliTtfo ONApolymcnse- (Perkin Elmer- Applied 
Blosyittms), TTtc^CR condition* are- shown lo ud)le l.TTie ampfl- 
flcstion pndidv «oc subject od to monxubie gel elecxtophofnts 

p f.5% (wcrVql) agarose gel nnd wcrs vjsuaJirxrf by staining 
with ediidiinn bromide, To Idfenriry STCC in. PC^poiirtvc 
ssmpfes> colony Mot hybrfdlipfion with 100-200 weft-KpOjrjfed 
colonics was performed by we of dJgDijgcnk- Lsljclcd m, ond stx t 
jjmhep prepared. wffJ> prime/ pnlrs K57-KSB and 7J > d3-?J^d4 % 
respectively* from E. coli OJ37;TI7 pram WTl. 933 [281, a* 
described by Scbmfdt et. al. (26). 

In addition w ST5C Isolated from patfemn wid> HUS or from 
portent* with dlarrbeo. wldwiit HUS, 96 STBC strsins flriginarjng 
from asympfomotia individuals were included in (be present «mdy. 
Tbcic onanisms were isotofed between. 1 996 snd. 2000 in Om Govern- 
mental fnafiJute of?uONe Healm Lower Sasony (Wtmm*v t Gcrmmj) 
diainjc epidemiological investigations and were swbmttEcd ro our 
lob oratory for former charaecedv/jonu 

st k fpnntyplfig and dwxtfon qftht eae gene. The /zz genotype* 
and d)c presence of Die aor gene tn SWC fsolarca were determined 
by PCRt r/wi uced tfre primeri aud condition! shown In fable I. The 
SMDiegy to detect /ir, van on u was as follows: S7HC fast were posi* 
tiwe In ihe PCR wi/h primer pnlr LW3 and LP4< (which defects A 
siibimlc genes of mid sn, variants; labia I) were sul>jecied io 
TO wldi primer pair GK3 and GIW [29) (table I ). Tho CICS^KA 



Taiife h Pafymertwn chain reaction (PCR) primer? «nd onndlfJont used In rhe pmteo( smdy. 



PCR<r>rt«tiom, *C. 



turner 








A*mtl)pB 




PCRprrxJiJCT, hp 


RdetTicc 


W7 


T-CCC OCA TCC ATT; AA^ AAA ACA TTA 
TTAATA.CC'J' 








7140 


282 


W\ 




y-CCC GAA TTC AGCTATTCTCA.C TCA AO>J' 














fAU 


S^ATC CTATTCCCO COA CTTTaC W 


fitly* 


94»39 


57.rt0 


7X60 


SM 


C27J 






VtfldAtt' 












y.OCOTCATOOTAT aCA CaC CaC W 
















y-ATG AAC A AO ATC TTT ATC-3* 




94, 30 


52. m 


72. AO 


260 


|29| 


GK* 


5-TCACTC ATT ATT AAA CTW 












VTX<m 


T'AA.C a AC ATA TTT CTA W3 C» J 1 




94.30 


55.00 


72.60 


25*5 




vn-r 


J-TAA ACT OCA CTT CAO CAA ATJ» 












FXI 


y-cocooATCCAAo aaq ato tttata c.r 






55. « 




2B0 


nor 




y-OCCOAATfjCTCAfiTTAAACTTCACC-y 












I2sw 


^•AQ A TtTJ GDC f7TC ATT C^C TOO TTtir 




<m. sn 


ST.*» 




<as 




rli^ 


T-TAC TTT A ATCOC CCC OCT CTCTO>y 














y-OOC GAA TTC CCC ACA AGC ATA AGC4' 


me 




3:.oo 


72,60 


163 


IZ6] 




r-CCC OCA TCCCTC TOO OCA CTA TTC 00' 
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ompf ifleadon product* were digetfed, with repoietion endowcfciMt 
//<wJJ? iJidroeJfBoebrinjter M«mhctm<5mbH). rodr/fefenttaeQ 
submit gene* of /u* and ao^, w dcacrrbett fay Rfownemi .eta), f 1 1}. 
tolita from fffeleh ampliflcaooo producti were not elre/ted wftJi 
owner* GK3 and* OIU worn rested for the j»> gene by ate of the 
prinrer pair FX I »ndPK2f30J(wMe ^Thelto!Bfcith*dJdfioi con- 
tain hot reacted oddi primer* UMJ end Lfr4d, which *pgge*u 
rhe presence of another nx, all He. were teaterf for ehe presence of 
the /Uj, gene with the primer pair V72<m and VT2.f(fl] ftabfo 1). 
rife/ » denned in the present au^Jy as a iu f variant pjnjrfifjad adr h 
prrmers vj>era and VT2*f [8 J and doe* not refer. to iJw ioietfiijat 
raueuf-acfJvatod. Sotid roibi anbryoc (encoded by *(** variants 
o>n have been ctehto /w m> [3»i 32]). aa defined by Matto*. 
Cafea et ol. [33J. fn Rddrrtoo. aJI STBC inolareri during rhe study 
period were \rmia)ytf£6 fur die m v gene «dm rhe pHraer pair 
r2H.lan(JT2S-2riC]CjjWal). 

/£. co//Ot57rff7*m5Jn EDL 953 (26.28) wo* i«*d Da the positive 
commJ in rhe PCR* for the dciteoVw of /w* «»d «<? genea . 
Srmjns E325U (0157:**-; f34J. I3H250 <OKT:Ht2; stxj 
(*]. E1W3 (OIDI :H-; m*J [35], aMTd/97 (012A;H2; rrw v ) [I0J 
were used as jmMve emuro)! in PCPa for the detection of ehe 
nc*poctWo itxj variants. 

Phenaryptc mirhHfs. STEC Mate* were serotype! according 
to Use method of Bockemffht et eL [36] with ehe use of altera 
against E eo/lOanrigrm [-173 and £ coU K amigeni 1-56. Fer- 
mentation of aofoltol was detected oa SMAC *<pr M>cr overnight 
Fnoi.lM.tmn (37]. Sut prediction wnt tested, by vac of toe Vero cell 
cyrotoiJeily up?«y (3J?J »nd 2 different eommerde! Su a«pay*. 
Including an Sot BlA (fttdmscrecn Verowxln; R-BtopTwm. GmbH) 
and a late* agglutination ««ny fVT15C-RP7J\ [VerotoKln-prodiK* 
ing £. eoft reverse p«(J re lore* oggluAontJonl; Denies Sefken). Tlte 
Vero ecJJ cytowxJe*ry assay «bi performed on dcfcrfbed dicwlure 
f 38]. The Su H7A «sa perfo o ned aerocding to the monuftcf wcr'a 
inumaction k with bacrerfoJ eul mrw enriched ovenrf jjtn in a medl win 
tfwt contained; rwfemjfdr* C (CHEC Direct Medium; Heinfte). The 
l*ca agglutination amy «aa perf onmod aa described by Karraall 
« a(. [3Pj. wr,th avp«7iaianra of overaJ^ht oil'i/re* (n Tlrypric Soy 
firoth (Difco Lobotvorfeit) diat were dS)ored from 1:2 m I ; I M, 
The ftQglurfflfltkai «w examined viciiolly after 20-24 h of incrr- 
huPior. and thv loxin riror? were exnrened as rite red^rotoU of the 
highen dl rations thai eejind. agglutination. 

Ceu AifinttioTL Parents diagnowd oa having diarrhoL had > 3 
acmJsoiid or riqtdd ttnote per day. Bloody diarrhea wm defioed w 
dlarrhM in wf)teh *HtWfl Mood twia norrd ?n die shooI. HU5 mi 
defffod. ea hereolyrie anemfn fbcmaroerir <3(7%. tvlrfi evident of 
the efiimcrjoo of eryrbrecyte* on a perf piic/al hfood ineaO» (hrom- 
bocyropeniftCpTitekt covm < I5U,000 eellVmm 3 ). end renal inuif- 
Hcfcncy (a ictvh) creatinine concsnfmfon thnt exceeded (he up- 
per limit of die twmni range for age) oreeoded by diarrhea. [40). 
Asyreptoreadc enrricra were apparently healthy iadtYiduals vHihout 
diarrhea. 

Stnthricvl analytic. Difference? befuaon groupa were wwned 
by uae of rfre ^ te and, T nf e* 'a corrected y ictt. for amafl number? 
f4IJ. Enl-lnfo Mrtwarc (vcnlon, 6.0«l>. Center for DtacaAe Control 
and ftewenrion and World Health Orgaplf.etfcn) wn* used to 
perfomr calaiWons. T < .05 eonaldered to he BWiiMjruJIy 

(rjfwifaanx, 



BcauHa 

Marfan of STEC and serarypin$. Between January 1996 
and Dccemlxr 200(3. stool aflmplea from 549 OO.Ott) of rite 
5497 indivWuali inv«t|gcted in the faaijfvte for Hy^ene end 
Microbiology (University of NAfUrtfrnru, WOrzburf , Germany) 
were positive for fJ)e m, and/or tr* : gene by POl acreerrtng 
wi>)j primers KS7-KSS and [J > 43-LP44 fc STEC atnlnf coidd be 
fcolared from 530 (96.5ft) of 549 PCR-poafflvc atool jontplea. 
The proportion of STEC colonies identified by colony Mot 
hybfidiftaiJoo wim. the six, and silt prooea ranged from 0.5% to 
65 JO* in indiv fdua? i^ool wjnplcs. One STEC Laolote oer potJcnt 
wttn eltoaen randomly for Airther analyse. In total, 269 STBC 
icolarca trcrc nbtatned from 5 10 pxkm with WJS, ami 262 iso- 
lates were obtained fmm 4977 por Jente wjtli dJ arrhea. udto did not 
develop PUS. Fourteen of 262 isolates were from potienf/c with 
bloody diarrften, ano* 249 Jaola/cs were from 4910 parienlP with 
waJery diarrhea, withonr blood. Tbe STEC iiolftficm ntes from 
fiatfcnu wffh HUS. bloody dierrijea. mid watery diarrhea were 
52.5%, 20.9*> and 5.1 %. iwoecdvely. Nine of 530 STEC h?o- 
larea originated from 3 cln^tere of STEC OI57 infecti.cn in 
famlllec, ood 1 1 afnt/ns were from 4 clutter* of STBC 026- 
ftjsoctasd diarrhea and HU5. All the xcmirinieg 5)0 STEC ieo- 
laina were from appammty Bportdlc crocs of infection, wfimom 
ofivloiis geographic or temponJ linkage. Among 96 ST6C 
iiolafea Crom nnymptomaric indtvidiiaJ c provided by tl» Oovtm- 
mema] Jnadrwe of Pidrfie HcaJfh Lavnx Saxony (H*nj>o*er, 
Germany), 7 originnjod from family member* of 4 patients wijii 
HUS. and 5 were from arolrnga of 3 patlcnu wMi dhnteo. Tbe 
oilier 85 STEC raoljuot had no oi)vf ous epidemiological fiffod- 
atlena with the Invattignfed paiienu. Tbey were iaolated font 
healthy children and adults in tiirdergflrtenc, acnoola, factorfes, 
and community during cnvironmentoJ invesnigations. Three of 
(hc$t 86 STEC iaolatea were isolated from worker* of the seme 
m«u procewing plant: the other S3 were, to oor knowledge, cpJ- 
demiQlo/^DaUy imrelated. Three hundred trod nine of rhe 676 
STfiC i^olnref )n«eafi^aied in, tlte prwnt, arody ha*c boon 
described elsewhere [16. 21. 38. 42-44], Tbe age* of nibjecr* 
from whom STBC were raoleJed ranged ftom 2 monrha to 73.5 
year? (medfao, 4.3 years) fot pnrjenw with KUS. from 1 monrJi 
to H6 yean {meditft, 9 yenra) for patient* with diarrhea who did 
not, develop HUS, and from 37 monm* ro 82 yews (median. 
10,5 yearn) for asymptomatic indirfdnaJF. 

One hundred and. *lrty-nlne (5 1.9%) of 269 STBC isolates 
from pattern* with HUS were classic non-porbiioi-fierrrtcoting 
rl < oil OI 57 JI7 or 0157:H* (toble 2): rttc renwinder were sorbf- 
tol-fermenUng STEC 0157:H" nod non-Of57 STBC hjoferea, 
wftjen nrort fte^ruently belonged, to terogronp 026 QaMe 2). In 
paricnti with diarrhea, non-0 1 57 STEC Isofatcs aceounted fix 
mostof rJicisolfifEs. and approtlmarefyholfbdongod toabrood 
Ppccfrom of aePMypea ihftt were not detected in patient* with 
HUS (table 7). Tlte 14 STEC isolate* from patients udtTt bloody 
d««>rli«a iKifon^ed to «cro<ypcp 0 157:117 f,l I ti*#M09) t OI03; 
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Hr a i*doi«). and 0!4$:tt- (1 isolate), STEC Jjolitei from 
asymptomatic carrier* belonged mowly (79.1%) to non-0157 
serotype* dim were net associated with HUS. bur. wme of tbeso 
Itolfllo had nemfypcs tfiBJt were Identical to those of STEC ta- 
toes from patients with diarrhea (faMe 2). Three bundled and 
thirty-foii* (96.0%) of 348 non-0157 STEC isolates Mated 
during f he Pwdy fermented lorWtol , 

&*£€ti*fype*4fSTECeit4 the frequency ofUntam horhori*$ 
m j voriam. The 626 STEC isolated belonged ro 10 different 
it* gjenotype* (lahle ?). wr, variants Included und 
str lt and were detected m 226 (36,1%) of 626 iaotateic fmbTe 3). 
ttXir ww the mof* fremunt tte- variant. It was found In I4G 
03.6%) of 626 STEC footates bur. usually in combination wj0i 
ofber sfx gent*, rrmt frequently widi xt*> (wWe 3). Specifically, 
2* (4.5%) of 626 STEC isolates contained stx 2 , pi drc sole six 
gene (table 3). jfx,* eitffcr aJ one or together wlrA «x„ wwifJentJ- 
fled In 62 (9.9%) of 626 STEC Jsotalca, end str^ always a 
tfogle /t/ gene, was Identified to 16 (2.6%) (cable 3). None of 
the STEC Isolates in the present study contained jor^ 

Sr.rvrypts and fnMfmncy of C*e in STEC tksrtwring 
#x Ut or <tx* All STEC isolates tbat contained vj u 

only, or «r* wem ceroryped and investigated for the 
presence of *o* (raMe 4), Although 19 (67.9%) of fhe 28 Ifo* 
late* of the srx& genotype were STEC 0J57:H7 or 0157:1*' 
none of (be 78 STEC isolates that contained ttx 3 < or stj u 
ollefea wt$ £ rMi 01,57 (fehle 4). Also, none of die latter 78 
Isolates belonged to any of Die major non-0157 STEC «ro- 



groups, inducing 026, O103, 01.11, and 0145. Jnttead. ihcac 
7g Jaolstet belonged ro 1 5 ether non-0157 serogroup* (laole 4), 
Thirteen (33.1%) of 37 isolates of die m, and «* v genotype 
cbwmred. in serogrotip 0928 (raWe 4). Five of 7 l/solaces of d*c 
genotype wfeote O ant* gen* were typeoWe Ijeloogcd to die 
ACfogroup O60 and the other 2 ro die arograup 0% f ruble 4). 
However, 10 (62.5*) of 16 Wntea harboring $tx*> and f.6 
(23.8%)of 62 Ipolofcs that contained //r^posiwed O or H antt- 
gsna thai were not. typeabJc with the 0 and H an risers used (fable 
A)\ fluch taolpret might represent new serotype*. Moreover, 6 of 
the 62 Iwlares rhar, contained srj^ were hMc ro be autong- 
gfnrlniwd.(raWc4). 

M<t was pre t cm: In 22 (76.69) of 28 STEC laofDica of the j/j^ 
genorype, Including cacl) of the OT.37 Mitt? STEC feoJarw dial 
toborlhj/5 aJJele(txih)e4), Wowcvcr P eac was ob^enr from, each 
of tha 78 STEC fwlste? dial contained su }4 or stx^ alleles 
(P < .000001 ; table 4). The absence of rae from each of die 78 
STEC teolnte* that hnrljored n*u or ff/j. waa alto highly rfgnJfi- 
cam when Uwse iwlotes were compared wj|ji die 1.93 STEC 
fJolar«oftheiu:,geiiOTypD,ornong whfch97.9% were weposi- 
|Wc (P < iWWCl ; table 4). and with the 87 non-0157 STEC of 
flie genofype (9S.49& c«a positive; /» < .000001; laWo 4), 
Tho asaocfiiion was ntfl significant when the 74 STEC harbor- 
tag itx^f or jtxj, were compared wirh fhc 9 nor^Ol 57 STEC of 
die stiie genotypa (33.3* to* poaltlve; P = ,0003; table 4). to 
rho group of Ujc 2fi STEC folates of the 5fx«. genotype fhc fre- 
quency of co* among 0157 Isolates ({00%) *iw fiigniflcantfy 



TaWe X Ssrorypef of 624 SWga toxm-f rorfitclog tinzhtflchto cnti (STOQ liOlaiee fiom pflrtontji wlrJi Iwno- 
jyik^reink ^yrtitrHwe (liUS), \tm wWi dftrhefl, end wTTfiptomfOc MWduaJi, 
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07«iK'. OTSM. OlWfll, 073*4-. OWttr (3 nrrfim), Q«<|W6. 0»l«H* (2 onlnt). OW:ir, CUSW. Oll3*«. 
Of t JlHl R. Of t3:rt- rj omlai). O I W JWT. Ol2l;K-. Omm (5 «arw). OlTPtW (4 4»»Jiw). OI»:tW. OJ2W, 

Onw^iJ^I 9, OrjojVJt" <fl rntfrw). «r?OTOPjf>:Hf"T. 

•Olrff*. Wilt* a iWliii). 06:HNT (3 iffriiw). Oa:H" (2 walraO. 01 IfcH" (2 lOirfw). 021 ; h*. G22;Ha. OHIW £ 
rtiio^ 03J'if-. 035:W. OW«. OtffcHI (J ««ltii). OW;K" a itndnt). O (amh»t) r IJTIjr, 

D^StHSr (2 cm»W. C7S;t?33. 0«W. OS^K*, 0>Mf O #oirint). or/Mr.WM)n it OlOMfT* ON J:»4. Of 15^*. 
0/J6iK23. O)20rN*. 0122.11'. OJ2?tM* (3 unto). OlZ*:H? 0 Airinr). OI2liH- (3 mtdM. Or5l:M\ OWIM". 
OWisK'. 0hT:t« <2 wirini). OVT:M6 0 mnJm|.Om«8/J *r$\n). OKT^ta 14 (2 rotiiw).OKT^- O ^«I»K 
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b/jgher thori th<u <wjng non-0157 Isolate* (3x3ft; ? - -0004; 
mble C). in total, the frequency of eoa among die 20 STEC 
iaofmea of the rtr*, genotype (78.6%) wns algnfflcanrly lower 
Wan rltat among ttm 191 STEC i softies of rhc jxj, genotype 
(97.9*;/» = . 00004; raMMJ. 

Association between STEC harboring fllXi variant f and eftni* 
eo f mantferrattan* of xh* infection. To In ve«f Jgat e toe » jocia- 
tion between /eo vcrfnnte and clinical mAnlfeionriong of the 
Infection, we compared rctatfvc frequency of ST8C Isolates 
that jmetwed only, or sec* wtwng STEC Iwlate* 
font? parens witfe HUS, STEC isolates from patients wfm 
/Jioirftoo cyfto did not, develop HUS, end STBC isolates from 
wymptomnrjc Individual* (table 3). Moreover, we determined 
the dra rribntion of STEC hoxboriof eadi of Uic respective m 3 
£euc vaHms between ysAtm with HUS and tbose Mi vf daok 
who were Infected bur dM nor. develop HUS (I.e., portent* wjib 
diarrhea, and asymptomatic subject; fable 5). to a the 
potewJaJ of web infections to projpen Bo HUS, 

fix?, was die only »a> virisnr. associated with HUS. However, 
Ac proportion of STBCiMwes rhiilposBcimd rhe jrer Jf genotype 
«ff *{ mifor among Molaiea from osr/cm* with HUS (1.7%), ubo- 
lares from patient* with diarrhea who did not develop HUS 
(5.0%), and isolates from eaympromsiJc individuals (5,2%) 



(table 3). Moreover, no significant difference was found In the 
dlttrifrnton of the 2ft STEC iaolafca of Che x/jt> jenotype 
tetwocn patients wfrti HUS (10 135.7%] of 2£) and thott wno 
did nor. develop HUS (patient* wjfJr dianfeco or ea ympiowa rfc 
subjects; I* of 28; P« .21) (tab!© 5). TWa laek of 

teHxitnion applied ro die 19 Isolate* Of 0157 mogronp 
(cable 4) r 5 of wblcb were ajaoeffljed with HUS. and to die 9 
non-0157 fcsolste* of Uie (pnotypc fjabfe 4J, 5 of which, 
were associated with HVS (data not irhown). In. oddlUon^fhe pro- 
portion b of STHC iFohics of die gen or ype that contained Ote. 
ear. gene were comparable .uncmg toJates from parienra wirft 
HUS (7/I0J and amonc Isolates from indrvidoaj* who did oor. 
develop HUS (15/1,8; data not shown). Of 13 patlenia wtth diw> 
ritea from wlwm. STBC of the stx u genotype were iaofatcd 
(table 3), tfic stool sample of J pal fair was bloody; the infecting 
•train belonged: to the aerotype O l.57:H7. TTie other 12 patient** 
8 of whom weir Infected wMi STEC Ot57:H7/H" and 4 wbft 
nou«0157 STEC, U»6 .drnnfrca. wj/Jiom visible blood. 

In contrast ro m ln the gene waa identified rn none of 268 
STEC inofota from pntknr* with HUS but present; in 41 
(J.5.6fc) of 262 STEC fwlared from paUents with diarrhea 
(P k Sttm\) and in 21 (21.9%) of 96 STEC iwlated from 
asymptomatic Individuals (/» < .000001) (table 3). TJre icfffnifi- 



TjoI? 9. Shiga, totin |tene fmJ Benm>at» of 425 Shfga rojUn-arDdudng fcthtrichtQ rob fST£C) and thnlr 
rdwjvc nTi*jwincy nnvmfl iaolaaen f«m eariaiw «ltb hemoJyiiC'ioemlc syndfnme (HUS), paricma wiiJ) dlnolicn, 
andi>ywpton!WfieindrvidfwIk 
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WTC. am w>. (%) of MottKff. TTio y W «nf Yftn»'*cvracmd <YT) / rn<r. •«« wsetf cntcilflOoni* i 1 < .05 
floniWoxrf (ann notf«ifcn/Jyrtpimomt. 

p Tn«c. 2. 2. #atf a of Bti Wma vf pcnnypei #nr* ao/ * n/j, oa4 m, ^ jrjw importvely. orfglfnif^ fniw ftijrrnjn>* 
mtf lc cnntw» of a pulemp wlrtt HUS #rt 3 pcrjenw wjra amm»«a. T*rm af 10 STUCflf die 1%, gnmyjm ««« NaLs^rf Onm 
wofax* of nV nine meir.^nteuJ 09 ptani* 

* The »tM« fjrqtcncy of STEC of «Oj aen«A7/R nmona ftnm salient* HUS «». Avrrrtev. ^ < .QOOCni , ) 
df. a$,9$: W5*ik. ftftymynw wtfef* < jwmoj, jr*: 1 a): tt/»2; nymptomftiic, r e ,ona. /; j. /(r, o,m, 

"77ft rnl«fl«D teanenor of STEC of rile /»* osflfope pmona STEC flom avienr* «»im WJS «n. <fl«ttlc*, T «= V; I ^! 
Oita; •jjw^wnifte, r o ,*4; YC /. 0. 1 f « rho* rfjnnhea ojywaianJirie. ^ « J?& VC 0 W. 

g T%e relative fteojoewy of ut) TO wtfk *n„ fxo> t nr^j an**% STEC ftro putJonj *Jo> HVS *wtt»^. 

j*lxgJ50. 

•The rafirl^e Oeotiencr of5TI3C of Ow x^snj ST7JC fit*m puieflu HUS . »H«rt><w. /> o OWT, y ; 1 

<tf.1%T9: KWS vi. ■rymtHonmjIc,/' a .00000) i YC a*, g arl^/y Ow avyMsumOe. f n . J 2, /; i # 

r TVreUrt»errei^i70/S7Srhflnwlfta/r» r ♦ ji^flmw < .OOOOOl.yj f 

# n.?7: HITS »i. ^pvinawmrttt. < .OOTOt : YC y . aaadw rtioi n. ewmnianntk. f = .67. A I # 0. 

Hwi-c frcoiesncy of STSC ot'rt«if/*re«lrpt a»o«a?T73C ftompaftew» »tU) Ht/S n. dtannm. * JVW. 1 <y. 
J WOj HVff »^ rr^fmr/wmiOD. A o .oo?i YC Jt*« 7 *7fl; cm mmtwe n, oiymaojmOMC, /* » 50: YC J*. 0.0).. 
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Tahiti 4, Serotype* *rt fntfitetKy of tfve gene enocdinji ntfJmin (o?*; to Shiga loii^-piwf ueing Rtchtrlchta oafl (ST720 rtsH wring 
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WTC. H*. Bwnwdle HUT. K wrtac* flnmypwRln NA, uw ippNaMci COT, 0 «fflfM MmypmWc; Orotgfu ©wfli^Kjrtr tblo < irafcR. IVf'nr* 
and Yjfci'* cmvrrfed (YC) f It*, we nierl to ofeutaiJor*. .OS »n*CTmiM»jn?* m V •larirtcflly rfajH0fin*L 
' ST73C««jin1in ***r JRWMr, ♦ #nc w |oriWfc,*i.STnC»ma|«)«giw 7 ,/ > < SWm\.j\ \6f> 149.7^STBCewMlfliri5*»„r*ix»/*tt / **rx^o»irri. 
STBC caau (*4ftg iv*. r - .WW: rc i?. 1 

STSC wK/ilorog nrj. P < /WTO I . V ; J 252.44. STEC ewmtamj jov »?. STEC wmrrintag ar+Po .00004: YC 1 6.W. 

'p«mfrp»023:H%O3n:MNT.Offcm^ 

0 W*T a ffimiw), 0 Wm 1} unto*), OWT.H* (2 OnvgnrH" mntai). and OtofrafclOT. 

'Saayftttmm a atiln). «*W\OT>.H-.07S:I«. <7T5<m\ t Q9W<X unimX 0»:W (2 MtJntf, 011341' a 0HfcH2 (* iffdw). 
Oil* :K- (4 mriml Ol 2fcHNT. OM*H21 . 017«H', GWTrW (3 ■ml^XOVT:W (4 Owog hrH! f), nmJO^.H' (2 wM. 

Orl:MZ025:HI9.O4l:H^OM:H^Orl3.!KOl2liH/0.OI2^ > K^9.OJ2l;M^a«^^l^wJ|Jlr^ 



cMify faJpher frequency fi^onf? from parient? with 

dinrrrijce. aid among ($olnfe« torn itfympmnaric IrvifvMuflK 
compnd ivlsh riidt among iflolaocfi from pfl/ijonfj HUS, 
wk oiwerwf for the 25 STEC Uobnu ehut harbored $u u w the 
sole //x gene f^/^ 10.^%, nnrf 0% of isolate* from subject* 
wtah ffi3ftfie» v wI^ioij/. 0ym.pKoTR5, and with H.US. reppecfi vcJy : 
f «= D0007 an (3 r = .000001 for Isolctc? from polients wi/J) 
diarrhea and for ijotflfir* from w>yrrTplOTstf^ nihjecu, rospec- 
tj vrjy, vs. icoto* from pstiefi U wi* HUSt tabic 3) end for tfie 
37 STOC Ixoloioc rhflt confined xfxjy togefJicr wi;Jh ste, 
J J.,5%, end 0% of IfloUttJ &oro pmiet)05 wfrh diorrhca, 
MyrapfoiBitfc pibjectf , and pitfien/s wftii HTJS, iwpecrivtly; 
P < /W0001 for nioiit Jcotau* from paUcntt wirh dlwrhea and 
rffoloteF from Mympcomatfe subjerv v*. holm* farm patienti« 
with HUS; tibk 3). Mowevcf» no tiiniftcnot; difTezenee w»« 
observed in die relative frequency of STEC harboring jtt* 
among STEC bolaiei! from parJerro w/tli dfirrhea (15.6%) «»d 
amonfl STEC itolaJBa from asymptomatic iDdi^doals (21.9%; 
f* • .17; tfiMc 3). Tlie Jack of SfBnJfamt aimocterjon w!A 
dlacrnea vmui e^yrnpfsmstfe infeerron oppllod i» the 25 STEC 
Isolate* con&inf ng nx w only and ro fhe 37 STEC lariatac coo- 
cainrng rrt^ and /oc r <r^>J>Tc 3). AH patients with dlorrlieft from 
whom STEC feolateaconfaJmrig ^er^ *ero Isolated Iwd diarrhea 
•vffbmrt WsiMe blood. TTk Wghfy cJgnlficant r^sociarion wftfi 
urtcom^kniw* tefoorton (iocMJng nonWood/ <flflnt»c# or 
aaymptorrmtfc JnfocrionJ vensop IWS waa confirmed for both 
ifw rwpftcfjve groups of rhe //jr^oeiainrnff STEC i&of pie* on 
Hie basic of the tf fairjbutiow of such licit ten botwecn parieDts 
wfff) HUS (0%) anil diose Infccicd Jndi.vfd.nals »ho did mi 
daverop wujs (2O0% 5 < ,000901; »oWrt 5). 



Similar ro ff«,* $a u vvas alMeenr from all ST72C totaled 
from paffenf* wttf) WJS Iwr. wo* present to J 2 (4.$%} of 262 
5TOC hofBfti from p^rcora «r>h diortrca (/* a /)C04) and ft? 4 
<a,2%) of 96 5TBC iw>)ated from asymptomatic indWJdosfK 
(P m .005; uble 3). Also. a& in STEC hufeorina; rJie differ- 
enca in the rtlefive frequency of /rz^-luroorlng STEC amon^ 
STEC from partem* vfrJ) diazrhca (4.6%) and among STEC 
from aay mpromade pihjeeu (4,2%) was not ^arittfcally wjjnifr- 
eam CT« .50; table 3). AJI tZ palienU mfected wiih STEC 
fwrljoring bad nonWoody d»fvriica. TI?e aaaoeieiion of 
STEC hnriiof Ing xrjt 2 . witii tmeomptfetrted tnfecrion rhor did not 
pzognns lo HUS war hi^Irly flignJiicnnj wfxen the diMiibution of 
tbfi 1,6 ff/xj^lwborin^ STTEC between pitieat* wdfh H7JS (0^16) 
and rhme mdividual* who did not develop HUS f WIG) 
compared (P < ,000001: taWc 5). 

Jn contrajii ro STEC baxl>7r1ng dtc varlanfje, STEC of ftc 
5ff a genotype were rtjmfflcinUy nawxhred. wifb MUS . Hit rol- 
Bft'vo fjeqiiency of inch uri-Bmp amonjj ST73C from parienl^ 
wiflt HTJS wo5 54.9%» wberoaa that among isolates from, po- 
items with diarrhea who did not develop HUS wo* 15.7% (/> 
< 0O00CI), and (hoi among asymptomatic individual wap 
5.2% (/» < .00000); tnbte 3). Moreover. 147 (76.2%) of 193 
STEC I wC Dits of ihe rz» scnotypis originated from pmienra 
wffh HUS, bwt only 46 (23-U%) of ihcae (?prafrw were isolated 
ftom pinjecu in wniwn me fnfeedon did, nor. progreas ro HUS 
if < .000001.; rabfc 5). Also, In conmtf to oJI *rx a Terionts thm: 
were not ilgnlflcanrly a«ouiji/cd with diarrhea, vcrsu* Biympto* 
majjc infection (table 3) r the rdoJivc frequency of STEC of die 
tf*2 genotype among IsoTarca from psriem wfdi diarrhea 
C?5.71») was Ugnrficanfly Wgrrer man mat among STEC mm 
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Tab? f ft AjftodiVlon of SWgA toxta-produring E*rtoritf\to wit (5TEQ h orborl njj Sb jga win 2 gtrrc fnj,J vs rtsmi with dlnfctJ monlAwiMlont 
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NOTE. A, gynjwuut, O. Atamcn; MS. hesmrfydMiffmk fyftSme. Tti#/«wr wrf Ymr/jr torn &ej (VC) / flan were me* for etfoitartcm. P < .03 
• Rdtflvtrfpt rfHUS rhwrtflpmem mar Wtowg; rO| i«>* P = .0000) I djC I 145. *Ow vi, ttx*t*u>Jn?i P o .WWW: VCjf.JJ .4,1. /n*, /ix v 

fc ftojiom^ rfpPtf>art» <5r»"nW*w»5ptiWwjifif«irj wtaSTEC waning CwV*% ♦ /rr*) it i«> 01, /nv P o jr 9 : f 4f, J 2J>5; 
p b /WOOWi YCjf, 2M7; m4 rtr, v*.tfT m (fiT u tnt t */rjW»tuw P < JMOOOJ.y: 1 # 126/0. 

*Pr<Jt*mJ0fl!i «f finUnV > I jcwji aid «mnpg pfticma f nfs-CMd ^CTTiCc^iJntng^wfcrT^flx, + «i^)or/«y v* /r> w .P «= .WO). J; I4f. IS**:"***: 
P«/WW;TCy. I2i57; »M m» vs. trn m ttfj.. + nx*j ar P < 09X101. IJf, MM, 

'Merfiirft Bee «f nfl 6Z piuenw lafonari *Wi 5TCC pw#e«ifnB tn^trx^Uitj ♦ nrW »■ 3 1 .5 r«*r». 

*Tte proportion < 5 yomolrf iimne; ill 7* p«^nr» Wccfirt *flA STEC mrlwrtng ifr^ (rtt^ifx, * rt^otrr^ *tw 16.7%. 



«5ympftomfltkLndividi;aI>(5.M;^ «=» .009; uWc 3), Seven of 41 
p ai ientt with flrtflrtj ct fxom wh fch STEC bwbres <jf ifta jr/Uj geniv 
rypc wtrei^oovcrcd bad 8 tools with visible Mood. 

When we compared fltemkrfve rf rft orir»fecti<mf with STCC 
Haitwrifljf; ^rz, onD, var^Of^ r tx a vnjltou to progrcw ro HUS, we 
foimtf fhtJ: <bt praportioo of patents that developed JfUS otor 
infection with STFJZ cf the w x gtwtypc (7*.2^f ; wble 5) ww 
»fgnitic0j)[)y higher then the proportion of pad ems who devel- 
oped I-TUS fl^cr bferton wirJi STCC of rlic mr ? , genotype 
(35.7*: P m .00001; fAWe 5). Slml\vly> rlre prepoerJori of 
ptffem' »ho developed HITS afrer infection with STEC of the 
njt„ genotype (35.7*; trWc 5) rijrnlficamJy hrgber tiiratthc 
proportion of rhosc wfto developed HUS After InfecUon wldi 
STEC harfroring jrj> (0%; P a ,000004; f*Mc 5) Of .it* H (0* ; 
P = jOI9;iiiWt5). 

Amcfath* lietwzcn Infections with STEC hnHiorin^ JUj 
variant* smd tfa vg* o/pmfovA To determj rre wnerficr mfec- 
tion& wfth STEC hftftjodng difTcrcnt variant weie fKocl- 
md wid) pe/tfciilwr npc group*, wc compwed tocnges of patienn 
Infected wlrA ST7iC *J tft. dte /r j*, t tt^ or /tr^ fiJIeJe* QMc 5}. 
As Micttotf by mcdien oges of pMfenw md by proponlow of 
pattenu of < 5 and > ) 8 yc^re old, pirfeow Infected widi STEC 
containing xsz u or pz u flflclcs wefe snoFrnntmiry older, than 
pttienta infected wf ds STCC or ^ a genotype (table 5), 
Ooly n (1.6.7%) of 78 pedentf Infecmd wlpj 5T5C wWi jnt^ot 
illelts were <5 yeo/s ofd tf wftcrw 14 (OT.0*) of 28 
pwrenn injected wfdJ STEC pweot^ng the ajt^ genocypc 
iiolon^Btf ro <Wp oge group (f — 4)005; tittle 3). Moreover, 50 
(64.1%) of 78 pattern! infeefed wtll) STCC bf/borlng /« 7rf or 
fflsct* were > I H yeani old. wjtereaa only fl (2 IA%) of M paiJcntg 
mteecd wfth STEC of o\o srx u genotype were adufw f/ e 
.0007 ; tafele 3). tn. comparison, mc proportion of oduJn wnon; 

j>o*i«f»t# h>fecto4 wfcF» ST5C of (lie C^rwtyp© t^l>; tol^lc 9) 



wst f ign</icanfjy lower (ben chat among parJenw MfSecrod wliti 
STCC of the inr Jf genotype &1A%:P = .0004) .uidtbat among 
pnUcnJi rnfeeted with STEC ba/boring «^ 01 ttx lt tfsAA%\ 
P < .000001; table 5). At*o, the proportion of pancna <5 
yearn old among patients taJ tecg ed wf ih STEC of me ittti geno- 
type (87,6* ; iaMc 5) wa* signincantly hlglicr tiian diat Among 
patJcnw Infected with STCC of the sty. iK genotype (50.0^; 
P = .000003) md diot among pnricnte Infected with STHC 
harboring ftx„ or tU iP (J.6,7%; P < .000001 ; fable 5). 

T*mn production by STEG posieuing tfxx variants end dcu 
ecrion nfStsl variants by r.ammmfal tmmnn*Uffrys. To m- 
vcittJgwo wbethet n>e STEC Imiboring various *tz s varfams 
produced Sta and wlieiJier rhcac toxin* ware detectable by com- 
mcccfony available Stt etrfmrt ajpematjujfjc of &z 50 
STI5C ©at contained m>» /» w or as mc aok rrr gene* 
and were isolated from pari^nra whb diafrbea or HUS (ffiblc 3) 
wtm nested for the Ve/o cell cytotoxicity and for their reactivity 
in the Stx EM and die b» aggludnntlon owoy (table 6). All 23 
Stores of (be goiotype nrodncod the toxm. as delected by 
tin Vem cell aftay and by die Inrrx oggtotiAation «j«y . How- 
ever. 3 of 23 Sfz2c producers retted negative in the Sa USA 
(fable 6). Amoogme l5STI;Cofibe*fir^8enofypc r orily I0rm> 
doecd,$fx2d f t» demonstrated l?y ibeir cy tnnwr f cify for, Vcro cclln 
■nd by positive re^ulm in me Stx BJA w>d. tlw latai aggbninarion 
may (mble 6). H10 remaining 5 f solar** thai confaincd a**, as 
tneir sole xur gens were not cytotoxic Tor Vero calls end tewed 
negative in bob immunoassays. Stx2c waa p r p du ced by 1 f of 
12 isolates harboring s or M put In only 7 of mem was me foxm 
detectable by me Su E1A and by die Injcx agglutinoxJon a^say 
(fable 6). Altogether. 44 mj>%) of 50 STEC isoleica tbat 
coruBJned xto^ su* or m 3a as rbe sole stx gene* produced rhe 
reapecilve $«, end die mains of 37 (*4, and 40 (90.9%) of 
mew <w smjins eouw oc dcaxonJ ny me Six bia en-J by tnc 
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TaBTc n\ Toxin production by 5M|& toxbi-pMftodng KttHtn&to eof'fSTJEC) h/trborln(» Shtga ftnJn gene {rtistx*. m t + or m b 
and detection of Stf 2c, Sg2d. and, gtygc by cemraereiai Shjg* twin gtt) immnnoaagap, 

Np.ofvcro N*j. of Vetoed 
Too/ no. Nounf Jjotoe» ccf! cjrrr*m>c tywj^mJc Iwhrtn* TJ»on Sad 

ofimU?t> ejwmifc n>r iio*mopo»1«lvc porirHeinkKK Ji»o rw g gy.gto- 

igftwyp* wftfiflciwtygc" VcHiCTth |wSe«gU ff ^^« r >" ,f ^* w y p www mown tamgef 

wt* 19 2} » l?IOrt:a-t:J6) 

**% 15 10 (0 i.o l;4.(l:2W:« 

«*» 12 H 7 1 r 1:4(1 :2.f : tf) 

T**r w a* yr g ;^q;2>i.y6? 

•Onfr STEC tooteuf f» the fmrtnitc ftr Hjglane mtf MtenWofngy (tJfclvoin> of WffnVirg. Woahnpg. Coonmv) fcom prttewt wH *l tforftev or 
paOtfitt ^J*ti hernotytJo-iffcirrtc rytufiwic were Iwwfljjtrf for tatla piomieuon, 

* WtfwcrctD Vomit ji (fVBlo^htrm^ r mhnnB flfwwdowl twitaft* apt jw. 5 r * F fa* S^2 »u wed «i tn $u nopsm. 

* Vmn!»pQtfuring £ fan" wwe p* »l*c Ja** *&Mmiton (fenta Sriten). Ton* n*rtJcJ«#KMfc»a w*Ji anlydanftJ rnibMio opto* Sot I 
ad .fiU were v?r^ at Sal aorf $n2 reagem. nppecrJvtfy. 

* All 10 fftofta** wem fteaotto (tiiCT < J :D rtw sn r mi|cm, 
•The pun* Mo1ma» »«ro portta tn hwl» o orwwt cW 



latex nggHinoxiofr amy. respectively (rxihlc 6). However, the 
Jniei oggturjnatJon dim of $tx2c 5u2o\ and Srx2a (fable 6) 
were a Igrrfrkontiy lower rtmn. Hit titers of 5tx2 delected by rhe 
late* tujglntination Amy Hi culture mpemauxiri: of ST75C of the 
genotype (range* I ; 16-1:512; geometric mean. 1 :BD: data 
not 6&o*ti), 

Sn production In rhe 26 ST EC feoiflfes tflflj contained rrx„ 
together wWt at*/ and originated from patieoTjs with diarrhea 
(cable 3) wu« reawd by ifie Vero eel) cytowalcl ry amy and by a. 
Sfx CIA rhat defect both Sal and 5u2 by using 0. single Sue 
reagent (fable 6). AIT 26 Uobfes were cytonnie for Vero celK 
cod *J1 of than rewerf poylrive in me St* ETA (daw not <iho wn). 

Offfcirmron 

TT>e presence of ihc rorj genotype in no in fbcrtaf STCC iwlflie 
hJ» been ihovm to repwent ft risk fecior for die procrcNrSor). of 
die rnfoerJoo no mlcnxn&opvfhic uqpdtt mil o# 1WS 
[22. 25). However, die tf mfcol .v^nitoujeo of STEC harboring 
vnxliJJtt of w 7 is «okno<*n. Hie presertr. mAy repreoenis dw 
first ntnmpt to dmify STCC Inrfmrbg ihc preswidy known 
frr # virfsrtm wtfH rtdpect. to UwJc capacity tocmjsecxoiajmeeEtfnoJ 
nwioifcwijons in humans. We found fiat 5713C h^/fwrJog jrr^, 
onIy,*cr^OTjr^ recounted for of rhc 530 STCCiwUteJ 
fiorn pe^entje dnrjng ft 5-yesr pafotf. However, STEC wWi 
di fTcrenr xet, alleles d/ffered markedly in their j^roclmion wld) 
HUS. Speeincallx, % n>c only A| variant amdaiod 
wfin MVS. bur ri)e rM of developing HUS afiex Infection widi 
STEC of Ae icr* genofype was (de^ifxewdy tower than dmi 
irfler InfeerJon wWj STEC of the it*/ flenotypc In eontow to 
Mr^c»iite M m fiTTC powwMog 4fcr^f or /U 7c Alletea 
wem not associated with HUS m die proem study. However, 
socli aftairw aecoo/uod for 20.2% of 262 STEC hoTaned from 
patient with dfarrfiea who did not develop WU5. 

Tfte flndine of or tn*. alleles ro. 26. t% of 96 STEC from 



fame rime period hro 2 importa/rt; impiieaifona. Plrsr. It siipporrj; 
the aucocfarion of STOC harboring .<u^, or with uncooipll- 
catcd infection. Sacond, (he compnrible frequency of six,* and 
*tr> ojldca among STEC teolaied from patJcnts whh diarrhea 
(20.2%; and among STSC Isotoied from aaymptomatic Mrjecrj? 
(26.1%) raise* the qvtvlon about tfw etiological roTe of the 
& eoli containing iheae genet In the diarrhea of flic pwticnti 
from wh»d) dieic srrerm: were Isolated. ThJ^qticaoon cannot be 
answered. In oiir ^jody, wfijch wi* focused on die defection or 
STEC raid Pihtypmg of their six genes and did. nor. Joveatigoic 
ayatemxtrcally the presence of other enrerle pathogens )n the 
pcriema. Honcc, on rJie \m\* of oor data, «>r cajraoi exclude Uic 
posalM llry thar. aomc of the parJentc from whom STEC harboring 
m n or n* u ^ere isolnted. might, have been coinfeted with oWlg- 
aJory bacrsrip] or viral dlarrbeagenic paUwgcne that were, in 
facr, cairaarfve afieora of the dilate. Ideally, foh/rc atudhw will 
sncompajis at brooder apeeoirm of fntcsifnal pathogens to c valu* 
aia tha atiologieaJ role of STEC iTarijorrng si*h or nz 2t In diar- 
rhea and thjw heller uno^rstmd fhc potrjogenrc pofcntli! of torch 
fiWnJrta for human*. The finding of sf i u In 21 .9% of STEC from 
offymptom/ftfc wbjccDt h\ our aoidy hi nor. jnrptipmg, compared 
with die presence of this tfw } variant *n. 65% of 37 STEC i wlmed 
from aayTDpromsdc carrlen? in, Switmland [I4J. T7*epreaeooe of 
sots* in STEC Uofnrcd from n symptomatic mdlvfduaia baa not 
been rjeporAcd clacwlicne, ro otir taowlca^ge. 

The Inference thai STCC harboring dilTerenr $(t* nlleJes ha.ve 
dlffcrem e1>Hirfep to cause HUS hna FevernJ dlagnoi^e Im^tfi- 
caiSona. Most Important. \i d e tjwamo a t uv the imporrance of 
faolatrog of STBC from «mo1 euimrea thai are positive for ttr by 
PCR screening or for Sr* by ElA screculng [45 J. TWa should lie 
followed oy rnpid Mibtvpbig of joj, genea, becmae the m/br- 
marion pbout rho m 7 aJlele, combined wWi the information 
about me presence of eo* in tlte STBC iaolale, lias conriderabfe 
predictive v^Jue for the treating pbyclcJan to saes dm rfrlc of 
HVS da vclopmem In. a patient «dio present* with STCC infec* 
Uoo. rr w r>mfine? cao be fUJdafed Jn propecOvc vudtea. In 
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this eespect, rftr genotyplng appears to offer an advantage ro 
sermyplng among non-0157 STEC, because STEC h«rborin£ 
mr*, or jm* belong to n broad specfrwm of rron-01 57 sermy pe s. 
IMA rhe wiocf ation between uncomplicated. Infccti/m that don 
sot show s tendency to progress to Iff J5 and the spseiflc jrrx, 
prides persists, independently of serotype. For laboratories thai 
cannot ute PCR to etriffype ah genes in STEC, it h pwtf cd] oriy 
noteworthy, fbai Stx2c, 8tt2d. und Su2c produced by moil 
patients' SHEC isolates investigated to this study coord be 
detected by cornmerctntly available Six immrmoastnys. Includ- 
ing ETA end the lsrex ogglBrmndon assay. The inability of rhe 
commerdal assays to detect Sv2t m 4 producer* of this toxm 
i P m Agreement with die observation by Bcutin as. el. [46), who 
coo Id not defect Stale In STEC isolated from p ig edema diseepc 
usfog the VTEC-RPLA assay. The reason for The inability of 
both commercial essay* used in Ufa snjdy no delect Slx2e in 
wme of me toxin producers could be either inadequate in *itro 
production of u>xJn by mieb isolate* or antigenic difference* to 
die toxin motecoJe* tfvs* diminish ihe recognition of tiiese Lox- 
to< by antibodies used in the respective commercta! immunoas- 
says. In fact, a lower sensitivity of flic SU2 latex Dfejmination 
reagent for the detection of Stx2c, compared with (foot for die 
desertion of Stx2> wok olnnrved by fUrrosh et nl. [391 »P* 
pw» ro be the case also for Stx2d mid Su2e« as suggested by 
ifoe low 1mm agglutination diem [«5 ! :g; that unr observed in 
STBC producing Hick toxins ta die pw study. Prom n diag- 
nostic standpoint, sueli low tnxto ti tars m the latex agglutination 
assay may suggest production of an Stx2 variant father dwm of 
{he classic Stx2, by me Isolate. However, considering me 
Important, predictive value of the information about die Stx2 
type produced by on STEC Isolate, commerciaJ hnmwnoossiyj 
that, ace KptcMk antibodies (hat would diffcrenrfcte Stx2 from 
its variant s and identify me tospeetjue So2 variants should be 
developed and evaluated. However, it should be rcmcmljcred 
that, nbbough toxin detection osaay* represent v ih/sble adjuncts 
ro coto/rlng, it h crucial to isolate STBC max can be former 
characrerhsod for dJnkuL epldemiologfcei. and analytical pur* 
pow. Such assayft should not be used in lieu of sumtuti micro- 
bjetogfe assessments. 

An additional limifjtten, in the wee of toxin detection assays la 
that not nil STOC d)at hfttborstx> variantP produce die respective 
toxins under laboratory conditions. In our study , die lack of the 
toxin production was mom pronmmced m 5TBC hut J wrtng /tr v 
as the sole tlx gene. Ono-mlrd of iheae isolate* tSflS) did not 
produce Stx2d m vitro, as demoopmed ny ft c absence of the 
Vero cell cytotoxicity in Ihdr ctrfnnx anpematanov Similarly, 
lack of toxin production was observed fo ) of 12 STCC that 
he/bored iut 3(r Although reasons tbr the tack or me in vitro 
foxfrt productfon. in these STEC are nndeor. there are several 
possible explanations, first, the pmttms might not, be expressed 
because mutation* m ftx genes muoducc disnga m reading 
ftames or stop eodotis. Second, the gen w might not be expressed 

tinder the gro<*>«)i. c^dfi«rn»« Macd. Third, chc cokJup were »yn- 



tbeained but were not released from die bacmrfa) cdls because 
of s defect in srxwtfn exporr. mcchaofsms. However, because the 
environment m me Intestine differs substantially from labora- 
tory conditions, the lock of Sfx production in vitro docs nor. 
exclude me poxsfbiliry that the renins were not produced by 
mcsc STEC in vivodioing infection. Investigations are m prog- 
ress to determine (Jje reason(s) for the inability of die respective 
Isolates to produce tbe toxins in vino. 

The lack of the associrUion of STEC harboring si**/ or sr* j4 
with HUS, as demantstnted in the sresent study, may have sev- 
eral cxpfBnadons. TTte first If the universal absence of tins Mr 
gene from oil STEC dun contain situ cr sftt^ as observed In 
this study mt reported by Pidnrd et oL [S, I g]. w is an impcr- 
f/iot accessory virulence gene of STEC raolatcd from potrems 
whh BUS I2HJ. snd Us presence in STEC 0157 and STEC of 
the 4 major non-0137 serjoe/onps (026. OI03, Olll, and 
OMS} has been paaooiaicd strongly with iht Miry of soon 
STEC to cause severe fcumno dJaease, reduding HUS {23]. 
Alternatively, S<x2d and Su2e might be less toxic tlum Sot2 or 
Stt2c for lumens- Nomrslly occurring Su2 variants ^ifta in 
their virulence in a mouse model, (47). Although not directly 
comparable to human infection, E. toll that expressed Stx2d 
had tower toxicity than isogenic dooes iftnt expressed Stt2c 
wlien adminf sterol fmnyagl t dn eafly to mice [*7] ; oral virDlcnce 
cf I. of the S(x2d-espresAing clones for streptomyem^mated 
mice vbs signtficanrjy lower than diet of Mi clones that 
expressed Sfx2c (47]. Educed psrliogcnSdty of STEC harbor- 
ing sixu fo* humans ic also suggested by the high frequency of 
isolation, of luch STEC from stool samples of nsympnsmatie 
individuals [ l*J f en. ohacrverion that was also conferncd m our 
study . Another possible reiwon for the lack of die association of 
STEC hsd3orJng m u or wfdi HUS fn our study might be 
the fact the* such STEC mfected mostly adults. Only 1.3 of 78 
individuals infected with STT?C h.ifbormg stt u or ju 90 weis 
< 5 years old and thus of d?e ogc that Das been shown to repttscnt 
a signiHcant risk fflcw for the development of ay atomic complf » 
cations v/terSTEC infection [1 1. In ditsomtw^ft la ootcworiry 
diat the previous rare reports on human infectronf wifjj STBC 
iyarbormg str^ nroinly have described ndul.t partem (17-19). 
The reason why audi STEC here a, terrdency to infect adults 
ruber than, young ddldnen remains unknown. However, thts 
tclationshlp is obviously complex, for example ttr/-po$ftivc f 
/ovnegailvc STEC ate clearly capable of causing HUS f4&l f 
and mere have been rare reports of STBC harftormg trx u 
1 13, 49] and /rx to [19] bdng isoianed from perients wfm HUS. In 
our study, we cannot cxdude the pesstbiiity that some of das 
patients with HUS from whom STEC were not recovered, prob- 
ably neeaose the isolation was not attempted until presentation 
widx HUS. might have been infected wfih STEC harboring 
these *tx» variants. 

Sbnilar » the etiological, rale of STEC eontslning/rj:* orstr* 
in diarrhea, the epidemiology of infections caused by encb 
suains rs presently unknown. A reccm, report of the hteji preva- 
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Icrtee of strain & from (he normal Internal microflora of 
sheep [f 5] and roc Unrfin^ of ax u In selected human isolates 
Chat belonged to Che some acre-types e* ovfne *a*y*bartornuj 
STBC FIJI soggest that she*p could he n reservoir of ttx„tnr< 
htmnj> ETEC for fwrnen*. Thh would be ceiwiBtcm with omr 
finding of STEC cow *M ng «jU|/ in 3 worker* from ft meal' pro- 
cewfofl plant. TIjc sercgrwp* Identified In sr^hnrtoring 
STEC fsolered from pad en« in mj* awdy (OS nod O60) and in 
orfict srudJes (OlOl and C9 [1.7, 19)) have not been associated 
with pip, edema disease (15]. However, the Icotxufoo of Su2c» 
producing STEC of s erogreup 01.0 1 from healthy pig* [50] and 
rfn fading ma t such jctraios demon* rroee a Wgh depiee of generic 
relotednewto a.lmmeo J^hp/boringSTlaCOJOl isolate (35] 
snggwt that heahhy pigs might he a rjotenJloJ nfer^yir of nx^ 
bajffcoring STEC for fn/raon*. 

Stxf rs a newly described Srx2 variant dint we identified in 
STEC recovered from fen! pigeon F (10). The observation rhoi 
Ac^of a, pigeon isolate in nJmont identical to o. srxj variant gene 
rdenrj Bod previously in art £ colt strain iiof ettd in Canada from 
a partem wWi diarrhea [20] prompted w* to InveffigRfe a)/ 
human STEC in die present snidy for the presence of stx?. The 
piriform absence of xtx# from flic 626" STEC suggest* mm /uy 
may have rnrromaJ, if any, 1Mb io pathogenicity In humane 
However, on mvortgeiion Is In progress to took for irx v in 
froman li. eo/J folates rhu ere similar to pigeon xrjr v -fartormg 
STEC (10], we potfo've hot negative for other/or pene*, 

m eoncRTEfon, STEC potRW*in^ diffcrem «*i wionr* differ 
in me Ir capacity so cauic HU5, AJjbcwgh infection w|U] STEC 
of the axnorype can ptogrew to WUS. STBC harboring 
six* or**** genes are not associated wlrJt HUS hot represent a 
significant porj. of STCC from patients with uncomplicated rffar* 
men and are fosnd frequently m asymptomatic STEC carriers. 
Such Isolate* lack ate and. have a. tendency ro i nficct adult* rarher 
man young cWfdren. T7ic presence of tu u ** to «> STEC 
i aotatc oomhlned wim me al»enee of me j^ene, may thru 
prtdrct mild, disease wim a minima! risk of HUS development 
prospective snidies wfTf he needed to rest die predictive value 
and cfmfcal utilrry of srx pnoiyplng effort . 
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From August: 19% to May 1997. six verotoxin -producing Escherichia coli (VTEC) strains were isolated from 
stool specimens of adults suffering from hemolytic-uremic syndrome (HUS). AH the Isolates were stx 2 positive 
and belonged fco different serotypes: Ofi:H4, 091:1110, 09I:H2J, O rough:Hlfi, OX3:H-. and O nontypenWc: 
H-. The cntcrohcmolysin (Khly)-encodtng genes were detected in two isolates, and none of the isolates harbors 
the intfmin (Eae) •encoding gene. These findings suggest thattfjr 2 -po$ltivc nnn-0157:H7 VTEC is n major cause 
of HUS in adults ond thai several sources of pathogens nrc responsible for local endemic infections. 



Hemolytic-uremic syndrome (HUS) is characterized by 
acute hemolytic anemia, thramlsocytopenia, and acute renal 
failure. In some cases, these three clinical features are associ- 
ated with neurological manifestations and fever. The associa- 
tion between HUS and verotoxm-producing Escherichia coli 
(VTEC) inaction is now well established, and usually pro- 
dromic gastroenteritis, frequently including Woody diarrhea, is 
observed (9). Coses of HUS caused by VTEC have been iden- 
tified in alj age groups bur. most frequently In infants and young 
children, and they are observed cither during the course of 
outbreaks of VTEC infections or as sporadic cases. Contami- 
nation occurs via consumption of contaminated food, and most 
of the clinical signs observed are due to the absorption from 
the gastrointestinal tract of Shiga-like toxins (Stx) produced by 
the bacteria. Two types of Shiga-like toxins (aJso called vero- 
foxins), Stxl and Stx2, which presumably cause microangio- 
pathic hemolytic anemia us a result of endotheliaJ-cell injury, 
have been isolated. Other bacterial virulence factors may play 
a role in the pathological, process, including an outer mem- 
brane protein, Jntimin, the product of the chromosomal gene 
eat; which Is involved in bacterial adhesion to intestinal cells 
(6) f as well as a plasmid-encoded en.terohemolysin (Ehly) 
which has a cytolytic effect (20). 

coli 0157:H7 is the worldwide serotype of VTEC most 
commonly isolated from HUS patients. Other serogroups have 
been implicated (026. 055. 01.03. OJ U. and 0128) (3, 14, 17. 
23), but their occurrence is likely to be underestimated, be- 
cause isolation of non-0157;H7 VTEC still remains ft chal- 
lenge. Unlike most of the Ot57:H7 isolates, the majority of 
non-0157:H7 VTEC strains ferment sorbitol and therefore 
cannot be isolated by using media such as sorbitol MacConkey 
agar. Molecular biological and immunological techniques 
based on |:bc detection of vcrotoxin genes and toxins, respec- 
tively, arc so far the most reliable methods for detecting these 
pathogens in clinical specimens. 
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Patients and clinical features. The average number of adults 
with HUS admitted to the medical inlensive-care unit of the 
Clermont-Ferrand hospital used to be one every 18 months. 
(This hospital serves a large geographical area with approxi- 
mately 1.3 million residents.) Between. August 1.9% and May 
1.997, this number increased considerably; 14 patients with 
clinical and biological evidence of HUS were admitted. In six 
cases, a VTEC strain was identified in the patients 1 stools by 
jtt-specific PCR. The patients' mean age was 64 = 19 years 
(range P 39 to 84 years). The malc-to-fcmale ratio was 1:5, AJ1 
the patients developed HUS r defined as a Coombs-negative 
microangiopathic hemolytic anemia, thrombocytopenia with- 
out signs of disseminated intravascular coagulation, and acute 
renal failure (see Table 1). One of them (patient 1) had pre- 
viously been admitted to the gastroenterology unit with severe 
abdominal pain and bloody diarrhea. Eleven days later, devel- 
opment of macroscopic hematuria and acute renal, failure 
prompted her transfer to the intensive-care unit. Coombs- 
negarive microangiopathic hemolytic anemia was defined as a 
hemoglobin level of <10 g/dl. intravascular hemolysis (serum 
haptoglobin. £0.1 g/li.ter). negative results of Coombs' test, 
and fragmented red cells and schistocytcs on blood smear. 
Acute renal failure occurred in all the patients enrolled: four of 
them required renal replacement therapy. Fever (body tem- 
perature of >38°C) was present in four patients. Prodromal 
bloody diarrhea was observed in two patients, and nonbloody 
diarrhea was observed, in four. All patients were treated with 
plasma exchanges, and none of them died. The mean number 
of plasma exchange treatments was 11 x 2. 

Isolation of VTEC strains by ste-specrfic PCR. Fecal samples 
were both cultured in Luria-Bertani (LB) broth (Difco Labo- 
ratories, Detroit, Mich.) and streaked out; on Drigalski plates 
(Biomerieux. La fialmc Jcb Grottc*. France), *n,d they were 
then incubated at 37°C for 18 h. Bacteria from 1 ml of the LB 
broth culture or from ai least 10 single oMonles grown on 
Drigalski agar and previously suspended in 1 ml of saline were 
harvested, resuspended in 200 jxl of sterile water, and incu- 
bated at 1UCTC for 10 min, Following eentrifugation of the 
Jysarc. 10 |jJ of the supernatant used in. PCR. Oligonucle- 
otides specific for amplification were 5'-ACCCTGTAACGAA 
GTTTGCG-3' and 5 ' - ATCTCATGCG ACTACTTGAC-3 ' for 
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T/KBKB L. Ceoerol, btologicnl. und dfnicpl data of patients during rhc- acute phose and characteristics of the E. coli strains isolated from 

pa Lien is' stool specimens 



Chitrnctcrlsuc 



Age (yr) 


V 

45 


M. 


F 

63 


F 

39 


F 

7n 


F 

77 


Prodrornic diarrhetf 
Body temperature fC) 


+ (B) 
38.S 


+ (NB) 
37 


+ (NB) 
38.5 


+ (N0) 
38 


+ (B) 
39 


+ (NB) 
37.2 


J3iol.oj$ical parameter 
Hcmojujobin level (g/dl) 
Haptoglobin Jevel (g/litcr) 
Scbiarocytcs 
Platelets (coujit/fi.l) 
White blood cells (count/p.1) 
Creatinine (p.mol>Mtcr) 


<0.05 
+ 

WW 
16/XW 
647 


7.4 

<0.05 

+ 

25,000 
7,530 
454 


8.6 

. <0.05 
+ 

22,000 
4.260 

240 


5.9 
<0.05 

+ 

22,000 
10.810 
1.127 


7,1 
<0.05 

+ 

32.000 
13,960 
370 


<0,05 

+ 

25,000 
9.200 
5*2 


& cp/i characteristic 
Serotype* 

eftrjr; 


06:H4 
iff. 


CM:HJ.O 


091:H21 

stx 2 

+ 


O rough:H16 
+ 


OX3:H- 
stx t 


OntH- 



" +, present: -. not detected. 
* F, femoJc; M. male. 
" B. Woody; N1J. nun bloody. 
*' One, not C) (ierotypciible. 

" Stx- find !ihfy«encodlng genes detected by PCR end specific riybrldlttdonH. 
*ttur. detected by dot blot bynridlxotiun, 



stxy and S'-ATCCTATTCCCGGGAGTTTACGO' and 5'-GC 
GTC ATCOTATaC AC AGG AG03 ' for $tx 2 (4, 1.8). The PCR 
cycle included denatur.it ion for 1 rain at 94*C, primer anneal- 
ing for 1 min at 55°C, and extension for 1 min at 72*C (30 
cycles) in a Perkin-Elmer Cctus DNA thermal cycler. Each of 
the primers was used at 0.125 mM, with 0.2 raM each dc- 
oxvnuclcosidc triphosphate (Boehringcr Mannheim, Meylan, 
France), 50 mM KCI, 10 mM Tris-HO (pH 8.3). 1 mM MgCI 2 . 
and 1 U of Taq DNA polymerase (Appligenc-Oncor. Olkirch, 
France). The reaction products were then analyzed by electro- 
phoresis on. 2% agarose gels after staining with etbidium bro- 
mide. DNA from the reference strain E. coli EDL 933 and a 
reagent blank, which contained all components except the tem- 
plate DNA, were included as positive and negative controls, 
respectively. The identities of the PCR products were then 
confirmed by Southern hybridization after transfer lo Hybond 
N+ nylon membranes (Amersharn International, Amershani. 
United Kingdom) and hybridization with a 1.1-kb BarnHL jtx,- 
specifie or a 0.8-kb P$tl jftt 2 -.specific DNA probe obtained from 
tbe recombinant plasmids pJPN37-J 9 and pNNUl-19, respec- 
tively (1.6). DNA probes were labeled by random priming using 
tbe enhanced chcmilummescence system (EC7-: Amcrsham 
International) according to the manufacturers specifications, 
ond hybridized filters were exposed 10 ECL-Amersham film. 
As shown in Fig. J , PCR products of 584 bp were detected with 
the <rtx 2 -specific primers with all stool specimens, but none of 
them gave s positives reaction wkli the j/jc-j -specific primers. 
Similar results were obtained by colony hybridation using Stxl* 
and Stx2-spcciflc DNA probes (data not shown). 

Bacterial identificntion and characterization. Jtt-positive 
isolates were identified biochemically by using an API 20E tesj. 
(Biomerieu*). All the isolates fermented sorbitol. Determina- 
tion of their serotypes performed by the International E. coli 
and JGehskUa Reference Center in Copenhagen, Denmark 
revealed that they belonged to differen t serotypes; 06;H4 (pa- 



tient 1), 091:HIO (patient 2) r 09I:H21 (patient 3), O rough: 
H16 (patient 4), and OX3:H- (patient 5). The O-antcgenic 
nature of the VTEC isolate from patient 6 could not be deter- 
mined (0+:H-). Ehly-specific genes were detected, by PCR 
using the primers 5'*CACACGGAGCTTATAATA1TCTGT 




PIG. J. Agnrcwecel elecUHphoretcfo of DNA fragment* obtained by multiplex 
MCKwJih primary Npeclfte for Jftj (140 bp) and srx 2 (5W bp) (A) vntS wiUt primer* 
jpecinc for nhty bp) (B) performed *kl> genomic cxun.cn front different £ 
eah rtTixirw: EDL ?33, so r , stx v . ond c/^-poHtrve 0157;H7 reference rttraJn; 
CH0U. CH0I3. CH014. CHOUn and CH017, IwhtcH from pocicnte J 

through 6, respectively. M.W.. 1-kb lRddcr of molcculnr sire mac)cers (l5oehp- 
tngcr Mannheim). 
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CA-3' and 5 ' -AATGTTATCCCATrG ACATCATTTG AC1> 
3\ Conditions similar To those used for detection, oisu genes 
were used, And the PCR products were identified by hybrid- 
ization with a 3.4-kb HmWl fragment from pEO40 (20). TVo 
strains, those isolated from patients 3 and 4, harbored Ehly. 
sperific sequence* as determined by PCR (Fig. 1) and hybrid- 
ization: the same two isolates produced delectable hemolysis 
after 18 h of growth at 37°C on 5% washed sheep Wood agar 
plate*. The presence of cue was delected by dot blot hybrid- 
ization; bacteria were grown in LB broth at 37°C overnight, 
and DNA was extracted by successive action of lysozyme. pro- 
teinase K, and Sarkosyl, followed by a purification step in » 
cesium chloride gradient. Hybridization was performed as de- 
scribed above by using a DNA probe specific for cac, U\, a 
J.4-kb fragment from an 0I57:H7 clinical isolate covering the 
entire eae open reading frame. DNAs from the reference 
strains £ coli EDL 933 and DHSa were included as positive 
and negative controls, respectively. None of the VTEC isolates 
hybridized with this DNA probe when they were tested under 
high-stringency conditions. 

Ail the VTEC strains isolated in this study harbored Su2- 
encoding genes. A higher prevalence of infection with VTEC 
producing only Sw2 among HUS patients has been reported in 
several investigations (10, 22). Tin's may reflect the higher 
pathogenicity previously observed with Stx2- versus Slxl-pro- 
ducing strains both in in vitro assays with endothelial cells (13) 
and in murine models (24). All the bacterial strains were sor- 
bitol fermenting, and none of them belonged to the 0157:H7 
serotype. However, although it is unlikely that we would have 
missed an 0157:147 isolate in the patients' stools., we cannot 
exclude the possibility of the occurrence of mixed infections 
with both, a non.-0157:H7 and an 0157:H7 £ coli strain. Pre- 
vious studies have described a few cases of mixed infections by 
detecting anti-0157 antibodies in patients' sera (2, 5). Unfor- 
tunately, wc were not. able to test patients' sera for anti-0157 
antibody detection in this study. But if we had used routinely 
performed laboratory procedures with stool specimens, i.e., 
use of media such as sorbitol MacConkcy agar or imm.uno- 
magnctic separation techniques using anti-0157 antibody- 
coated beads, none of the present non-Q]57 isolates would 
have been detected. Analysis of their ribotype patterns (data 
not shown) did not reveaJ any homology, and they all belonged 
to different serotypes, indicating the sporadic nature of the 
cases. Three of them belonged to scrogroups which have pre- 
viously been associated with VTEC infections in humans (091 
and 06) (1.0. 1.2, 25) and isolated from meat and fecal samples 
of twines in both the United States and Europe (15, 19). The 
O group OX3 is a provisional designation for a new 0 antigen, 
but a few isolates from this serogroup, differing from our iso- 
late by the H antigen, have already been isolated from patients 
suffering from HUS in Europe. In Finland, an Stx2-positive £ 
coli OX3:H21 was detected in the stools of a 66-ycar-old 
woman, and in Denmark, £. coli OX3:H2 was detected in the 
urine of a patient (8, 11). Since strains belonging to this sero- 
group ore detected in meat samples (19) and in domestic 
animals (1), they might represent another group of potentially 
Jife-threaiening VTEC strains causing food infections. 

Virulence factor* other r.hnn toxin* nrc lllccly to he required 
during the pathological process, including adherence factors 
and/or cytolysins. Among the six VTEC strains isolated in this 
study, none harbored the intimin-eneoding gene (cae), which is 
involved in the attachment and effacing process, and Ehly 
sequences were detected in only two isolates. The presence of 
van has mostly been described in 0157:H7 isolates, but eae- 
negative non-0157 VTEC strains are also capable of causing 
disease indistinguishable from thai caused by ewe-positive 
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0157:H7 (7. J.I). It is likely that coe-negative VTEC strains 
pathogenic for humans may possess adherence factors other 
than Eae; investigations are currently being performed with 
isolates from this study in order to identify their adherence 
factors. 

The role of the plasm id-encoded Ehly in the pathologic 
process of VTEC strains is not yet known. Ehly's produced by 
VTEC strains belong to the RTX (defined as repeats in toxin.) 
toxin family and are closely related to the £ coli a hemolysin. 
They might act by lysing eucaryotic ceils or by modulating the 
immune response, thus enhancing the virulence of VTEC. Pre- 
vious studies demonstrated that patients infected with Ebly- 
positive VTEC were at a higher risk for developing HUS than 
patients infected with Ebly-ncgative strains (21). Only two 
bacterial isolates from this study harbored Ebly-eneoding 
genes, indicating that synthesis of Ehly is not an absolute 
prerequisite for HUS development, although, it might contrib- 
ute. 

From this study, we conclude that Shiga toxin-producing 
bacteria of serotypes other than 0157:H7 can cause serious 
disease, as has been observed in several other instances. Cases 
of HUS due to non-0157:H7 E. coli are usually sporadic, 
unlike most of the infections due to serotype 0I57:H7. The 
reasons for this difference have not yet been addressed; it 
might be due to variations in the strains' virulence, but diffi- 
culties in identification of n.on-OJ.57:H7 £ coli strains might 
also contribute to underestimation of their virulence potential. 
Although the cases of HUS observed in this study occurred in 
the same geographical area in a relatively short period (1.0 
months), characterization of the VTEC isolates demonstrated 
that they were not related to each other. This might reflect an 
endemic situation, and since HUS represents the tip of an 
iceberg of clinical, complications, it is likely that the number of 
mild infections is greatly underestimated. Development of di- 
agnostic tools allowing detection of VTEC regardless of sero- 
type is therefore urgently needed. Rapid and efficient detec- 
tion of VTEC should be performed not only with, patients 
suffering from HUS, but with anyone suffering from bloody 
diarrhea, in order to prevent both severe development of the 
disease and further spread of the pathogens. 

We thank Kristin Swrhnrt fur critical review of this paper. 
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Epidemic of Gastrointestinal Tract Infection Including Hemorrhagic 
Colitis Attributable to Shiga Toxin 1-producing Escherichia coli OH3:H2 

at a Junior High School in Japan 

Hiroyuki Hashimoto, MD*; Kurniko Mizukoshi, MDfc Masami Nishi, MD§; Tadasbi KawoMta, MD||; 
Seiryo Hasui, MD||; Yasuhi.ro Kato, MD||; Yoshiki Ueno, MDI; Ryohei Takeya, MDf; 
Norihiko Okuda, MD*; and Tae Takeda, MD# 



ABSTRACT, Background. An epidemic o£ ga&troinlcfi- 
linid disturbances related to food Ingestion occurred at a 
junior high school in Komatsu, Japan, and was caused by 
specifically Shiga toxin (Six) 1-producing Escherichia coli 
6llBiH2, which has not been reported previously in hu- 
maas. No outbreak of E coft-prodocing Six 1 alone had 
occurred. 

Methods. A total of 526 students and 35 adult staff 
members who ate the same food at lunch in the school 
were Investigated. Questionnaires about food consump- 
tion at lunch were given to all 561 subjects as well as to 
clinics and hospitals that had treated 79 patients. Stool 
specimens from 526 subjects, and food, water, and envi- 
ronmental specimens, including cooking utensils, were 
collected in an attempt to identify the pathogen. 

Results. A total of 126 subjects (22.5%) developed a 
diarrheal illness. The pathogen was isolated from the 
stool in 131 subjects, 49 of which were asymptomatic, and 
from a dipper. Salads served over several days were 
identified as high-risk from food analysis. Gastrointesti- 
nal symptoms resembled those associated with previous 
infection* of Stx-producing E coli, but were mild. No 
cases of the hemolytic- uremic syndrome developed. 
Headache was present in 87 patients. Three patients un- 
derwent surgery for acute appendicitis during this epi- 
demic. Four of five carriers had received an antibiotic 
effective against the pathogen. 

Conclusions. This outbreak of E coli Otl8:H2 demon- 
strated the clinical and epidemiologic features of infec- 
tion by E coli that produces Six 1 alone. Infections with 
such organisms arc being recognized increasingly, and 
Hie pattern of disease observed may differ from the pat- 
tern observed with E coli 0157:H7. Pediatrics 1999;103(1>. 
URL: http://www.pediatrics.Org/cgi/content/fiill/103/l/e2; 
Escherichia coli Oil8:H2, Shiga- toxin 1, outbreak. 



ABBREVIATIONS. HUS, hemolytic- uremic syndrome; Stx, Shijjo 
toxin; RK.A, reversed passive latex agglutination, 
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In Japan from 1990 to 1995, seven outbreaks of 
gastrointestinal tract: infection caused by Esche- 
richia coli 0157:H7 were reported. 1 In contrast, 
during the very short period from May to October 
1996, 22 outbreaks of E coli 0157:H7 occurred over o 
large area in Japan, and many people suffered from 
hemorrhagic colitis and hemolytic-uremic syn- 
drome (HUS). 1 Although. E coli 0157:H7 is the most 
common source of Shiga toxin (Stx) 1 and 2, there are 
many other serotypes that also produce this toxin in 
vitro and in vivo. Four outbreaks of non-0157 Stx- 
producing E coli were confirmed in Japan from 1984 
to 1995, 1 with the pathogen belonging to the sero- 
types 0145:H-, Olll:H-, and Out:H19. In other coun- 
tries, only two previous outbreaks of infection by 
non-0157 Stx-producing E coli, such, as O104.:H21 in 
the United States 2 and OHl:H- in Italy, 3 have been 
reported. All these isolates produced both Stx 1 and 
Stx 2, or Stx 2 alone.'"" 3 Until the outbreak reported 
here, an outbreak of E coii-producing Stx 1 alone had 
not occurred, In July 1996, a large outbreak of exclu- 
sively Stx 1-producing E coli 0118:H2 occurred in a 
junior high school in Komatsu city. This appears to 
be the first report in the world of clinical infection 
caused by this organism, and we describe here the 
clinical and epidemiologic features of the gastroin- 
testinal infection caused by £ co/i-producing Stx 1, 
but not by Stx 2. 

METHOD 
Epidemiologic Investigation 

An outbreak of a diarrheal Ulftess occurred at R Junior High 
School between July 8 and July 21, 1996. This outbreak was first 
reported to the Miriam* Kaga FuMc Health Center, Ishlkawa 
Prefectural Government, on "July 15, 1996. Student* end adult 
members of the school staff, oil whom ate the some food? at lunch, 
were considered, to be at risk and were Investigated in. detail. The 
food wqb prepared in the kitchen of the R JxmJor High School by 
professional cooks. Students end. ntaff members ote lunch in an. 
assigned classroom. A person was defined as a syrnptometic sub- 
ject if be or *be developed, at least one of the following symptoms: 

di.ixrhco (one or morw wi»tvry tyr feloady *io»»l* In 24. hours or ot 

Itost two loose stools in a 24-hour period), abdominal pain, vom- 
iting, or headache. 

A questionnaire was distributed to each student and adult staff 
member on July 15 and IV, 1996. ft sought information about the 
foods oaten at lunch between July 4 and. July 12, 1996; the symp- 
toms; the dote they appeared.; and. whether a phyaicion was con- 
sulted- formation on the sequential change? of patients and the 
students who developed a gastrointestinal illness after July 20, 
1996, wa* obtained from the teachers. A questionnaire also wos 
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moiled to the 19 clinics and. bos|P5fe mat were consulted by 
patients. It included questions about the date of orwot of symp- 
toms; date of consultation; specific symptoms; physical, findings; 
result* of laboratory tests uped to evaluate the blood, urine and 
stool; ond treatment Administered. Of 79 such, medic*! question- 
naires, 75 were available for analysis. 

Microbiologic Investigation 

Between July 15 ond. 23, 1996, stool specimens were collected 
and. examined for Salmonella, yihrio. and Staphylococcus, using 
standard procedures. Representative stool specimens from 20 pa- 
tients with diarrheal IJJness, including 5 patients with bloody 
diarrhea, also wore examined for Shigella, Campylobacter, and. Yf?r- 
tfnia, using standard procedures, The first five colonies of E coli 
selected from. MacConkey agnr were serotyped. using £ coll 0 and 
H enri£2ra, and sorbitol-MacConkey agar also was used in. the 
routine bcreening for E coli 03.57: H7. These colonies of E coli also 
were examined for Stx I and Stx 2, using a reversed passive latex 
agglutination (BFLA) kit (Denka Seiken Co, Ltd, Tokyo. Japan). 4 
folates of E coli were inoculated, onto 10 mL of brain- heart 
infusion broth (Denka Seiken Co, Ltd) containing 900 jig of linco- 
mycin. After overnight incubation at 37°C, colonies were inocu- 
lated to 1 mL of saline containing 5000 U of polymyxin B and. 
shaken at 7>TQ for 30 minutes. "Hie culture was centrifuged for 30 
minutes at 3000 Cpm, "The supernatant was tested using an RFLA 
kit. This Wt couia detect 2 ng/roL of purified Stx. l^epresentotive 
specimens were reexamined* for Stx by the polymerese-chnin re- 
action procedure described, previously.* Isolates were sent to the 
National Institute of Health (Tokyo. Japan) for seroiypJng. 
Asymptomatic subjects exhibited Stx-produdng E coli m their 
stools were defined as healthy shedders. Immunoglobulin M an- 
tibody for OILS Jipopolysaccliande in the swnjm of two patients 
with appendicitis was measured at the Notional. Children's Med- 
ical Research Center (Tokyo, Japan).*-* Thirty samples of the foods 
served as lunch between July 8 and July 12, 1996. were stored at 
4°C to investigate for pathogens in. the event of an outbreak of 
gastrointestinal illness, and. 9 samples of water and 29 environ- 
mental specimens obtained, from utensils and other sources in the 
kitchen on July IS, 1996, also were examined by culture, Approx- 
imately 1 month after the onset of the present outbreak! stool 
culture studies were performed using the same method. Subjects 
exhibiting Stx-producing E coli in the reexamination of stools were 
defined as carriers. We inquired of carriers whether their family 
members developed gastrointestinal symptoms, and stool* of fam- 
ily member* were examined, to isol a te the Stx -producing IZ coli 

Sti.tisti.caJ Analysis 

Datu an: reported, as means s 1 standard deviation unit The 
student's f test was used to compare laboratory values. The )c test 
was used to test for differences in frequency distribution and 
proportion. The Yates' corrected test was applied whan the 
expected value for a cell was <5. A level of P < .05 was accepted 
as statistically significant. 

RESULTS 

The findings obtained from this outbreak are sum- 
marized in Table 1. Of 561 subjects who were at risk 
for the infection, 241 (43.0%) were defined as symp- 
tomatic and 1.26 (22.5%) developed a diarrheal ill- 
ness. Of these patients, 9 were hospitalised with 
severe symptoms (6 patients with bloody diarrhea 
and 3 patients with acute appendicitis). Hie number 
of students with symptoms significantly exceeded 
that of the adult staff rn.em.bers (239/526 [45.4%] v$ 
2/35 [5,7%]; P < .005), and the number of students 
with diarrheal illness also significantly exceeded, that 
of the adult staff members (125/526 [23-8%] vs 1/35 
(2.9%]; P < .01). A characteristic of this outbreak was 
the surprisingly high number of patients who com- 
plained of headache, but there was no significant 
difference in the frequency of headache in the cul- 
ture-positive versus culture-negative subjects (23/ 
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No. 




561 




526/561 


93.8 


35/561 


6.2 


241/561 


43.0 


320/561 


57.0 


117/561 


2U.9 


9/561 


1.6 


115/561 


20.5 


87/241 


36.1 


44/87 


50.6 


34/87 


39.1 


9/87 


10.3 


5/24.1 


2.1 


7.31/52511 


25.0 


49/31)3 


16.2 


53/106 


50.01 


4/5 


80.0H 


25/111 


2.1.6 



TABLE 1. 3umnSr>* of Findings: Epidemic of Gastrointestinal 
Illness at a lunior High School in Japan 



People st risk 
Students (12Vu to ISVu y) 
Stuff 

Symptoms or signs 
Asymptomatic 

Symptomatic with nonbloody diarrhea* 
Symptomatic with bloody diarrhea* 
Symptomatic without diarrhea^ 
Headache 

With diarrhea 

With abdominal pain only 

Without other symptom 
High temperature (>38.0 8 C) 
Confirmed pamogen by RFLA 
Asymptomatic 

Symptomatic wlm nonbloody diarrhea 
Symptomatic with bloody dfcLrrhea 
Symptomatic without diarrheal 

* Nonbloody diarrhea with vomiting in. 4 patients, headache in 40, 

ond high tempera hj re in 5. 

t Bloody diarrhea with headache in 4 patients. 

% Abdominal pain, vomiting, and/ or headache without diarrhea. 

|| Stool culture was performed, in. 525 of 561 subject* at risk. 

fP< .005 compared, with the asymptomatic and symptomatic 

subjects without diarrhea. 



131 [17.6%] vs 59/394 (15.0%J). The majority of pa- 
tients with abdominal discomfort complained of 
cramping in the periumbilical area. Only 5 (4.0%) of 
the 126 patients with, diarrheal illness experienced 
vomiting. The average number of nonbloody diar- 
rhea episodes per day was 3.3 ± 2.2 (ranging from 1 
to 15 stools per day), and that of bloody diarrhea was 
6.4 ± 2.6 (ranging from 3 to 10 stools per day). A 
watery diarrhea of 1.6 2 0.9 days of duration (rang- 
ing from 0 to 3 days of duration) was antecedent to 
the onset of bloody diarrhea, and their peak body 
temperature was <38.0°C No adult staff members 
developed bloody diarrhea. 

Table 2 shows a comparison of laboratory findings 
during the acute phase in patients with bloody and 
nonbloody diarrhea. A mild but significant increase 
of the absolute neutrophil count and decrease of the 
platelet count were noted in patients with bloody 
diarrhea. 5erum Oreo drive protein value and leuko- 
cyte count were normal to slightly elevated in the 
majority of these patients. No fragmentation of 
erythrocytes was observed on. the blood smears. Uri- 
nalysis revealed hematuria and/or proteinuria, in 6 
of the 29 patients tested. No cases of the HUS devel- 
oped during the epidemic. 

Two patients underwent surgery for acute appen- 
dicitis on July 16 and July 1.8, 1996. These patients 
exhibited, previous watery diarrhea and a change 
from abdominal cramping to continuous pain in the 
right lower quadrant. Fever was absent in these pa- 
tients. "Their respective laboratory values were max- 
imum leukocyte, 9.1 x yfl and 10.0 x lOVpJ- (9-1 x 
10" and. 10.0 x 107L); and. maximum C-neactive 
protein, <0.24 and 0.47 rng/dL (<2400 and 4700 
/j.g/L). Macroscopic examination confirmed a hyper- 
ergic and swollen appendix in both patients. The 
ileocecal region also was involved in 1. patient 
whereas serous ascites was seen in the other. Micro- 
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uring Acute Phone of Disease in Patients With and Wjlhoyt Bloody Dioxrhea 
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LeuJcoeyte fx ICVmU 
Neutrophil (x lOV^L) 
Hemoglobin (g/dL) 
Platelet (X 10*7 jd-) 
CRP (mg/dL) 

Blood urea nitrogen (mg/dL) 
Creatinine (mg/dL) 
LDH (U/L) 
AST ru/D 
ALT (U/U 



DLooay L/ii3rrne0 


j\onoiooo.y i^iarrnGci 


D Villi** 


7.3 = U (9) 


6.4 = 2.0(15) 


.254 


5.5 1 1,7 ($) 


4.0 = U (11) 


.028 


14.3 r 1.1 (?) 


13.6 2:2.2(15) 


.3S8 


23.2 r 6.7 (9) 


28.9 £ 5.9 (15) 


.039 


0.6 r 03 (9) 


0.5 = 1.1 (11) 


.7U 


10.7 ± 4.7 (9) 


12.0 = 2.7(10) 


.450 


0.H ± 0.2 m 


0.6 £ 0.1 (10) 


.035 


348.3 = 59.3 (9) 


334.4 = 38,3(10) 


.807 


19.8 ± 7.6 (8) 


17.5 r 3.9 (11) 


.401 


16.9-18.2(8) 


11.2 £2.6 (11) 


.315 



The number of patients is noted in the parentheses. CRP indicates C-reacbVe protrin; LDH, lactate dehydrogenase; AST, asparate 
aminotransferase; ALT, alanine amtaofrsnsrerase. for conversion to SI units: leukocyte count 1/mL = I x 10>/L; hemoglobin, I g/dL = 
0.155 mmol/L; platelet count 1///L = 1 x 107L; CRP, 1 mg/dL - 1 x ifr 1 /^/L; blood urea nitrogen, 1 mg/dL = 0.375 mmol urea/L; 
creatinine, 1 mg/dL = 88.4 /xmoJ/L; LDH, AST ond ALT, 1TJ/L - 1U/L. 



scopic examination revealed, hemorrhage and necro- 
sis of an edematous appendicular mucous mem- 
brane. Slight jnli.ltra.tion. of the appendix by 
neutrophils was present in only 1 of the 2 patients. 
Although no pathogen was isolated in cultures of the 
specimens of resected appendix, immunoglobulin M 
antibody for 0118 lipopoiysaccharide was present in 
die serum of both pattents. In another 1 patient who 
underwent appendectomy on July 20, 1996, close 
examinations for pathologic changes of the appendix 
and causal relationship between Stx-producing E coli 
and appendicitis were not conducted. 

Ab confirmed by the examination of 10 represen- 
tative samples using the polymerase-chain reaction 
procedure, exclusively Stx 1-producing £ coli was 
isolated by RPLA from stool specimens of 131 (25%) 
of 525 subjects whose stools were examined by cul- 
ture, and the incidence of pathogen isolated from 
subjects with diarrheal illness was significantly 
higher than that for asymptomatic ond symptomatic 
subjects without diarrhea (Table 1). Of 131 subjects 
found to be positive for Stx-producing E coli, 57 
(43.5%) developed a diarrheal illness, 25 (19.1%) 
were symptomatic without diarrhea, and 49 (37.4%) 
were asymptomatic. There was no significant differ- 
ence in the incidence of detection of this pathogen in 
the students versus the adult staff members (127/490 
[25.9%1 vs 4/35 [11.2%]). The isolate was identified 
as E coli serotype OH8:H2. This isolate fermented 
sorbitol Additional characterization of the strain, 
such as the ability to adhere to epithelial ceils or 
possession of the eae gene, wa s not performed in this 
study. 

Although. Stx-producing E coli was not isolated 
from the samples of food and water, it was isolated 
from a dipper and identified as 0118:H2. The anal- 
ysis of the food eaten by the culture-positive versus 
culture-negative subjects revealed that high-risk 
food, items served as lunch were coleslaw salad (July 
5, 1996; P < .005), chicken and cucumber with, cold 
mustard sauce (July 8, 1996; P < 05), sour sauce 
salad (July 9, 1996; P < .025), egg salad (July 10, 1996; 
P < .005), and corn salad (July 11, 1996; P < .01). 
Other food items served as lunch were rice; bread; 
soup; packed sterile milk; and thoroughly cooked 
meat, fish, eggs, ond vegetables. No subjects devel- 
oped the infection, at the 11 othfir schools that had 
served the same vegetables and other foods and used 



the same menu. Five cooks developed no gastroin- 
testinal symptoms, and Stx-producing £ coli was not 
isolated from their stools. 

Of 75 symptomatic patients who consulted a hos- 
pital or clinic, 56 received antimicrobial agents. New 
quinoiones were used in 33 patients (norfloxacin, 17; 
enoxacin, 5; lomefloxacin, 4; tevofloxacin, 4; tosu- 
floxacin, 2; and ciprofloxacin, 1); fosfomycin in 27; 
macrolides in 3 (ci.arithrom.ycin 2 and josamydn 1); 
cephems in 3 (cefaclor, cefterom. piroxil, and. cefu- 
roxime oxetil); and tetracyclines in 1 (minocycline). 
Eleven patients received two antibiotics in combina- 
tion. Duration of antibiotic th.era.pv was 4,5 £ 2.4 
days. E coli Oll8:H2 was susceptible to these antibi- 
otics. Table 3 shows the relationship between the 
isolation of pathogen from the stool and the duration 
of antibiotic treatment. Although effective agents 
were used in treating this pathogen, 9 of 15 patients 
sliJJ. exhibited it 1 day after the administration of 
antibiotics. In. fact, the pathogen was detected even 
after the administration of antibiotics for 2 or 3 days. 

Table 4 shows the results of reexamination of 
stools from 470 students and 32 adult staffs for Stx- 
producing E coli. In the 49 asymptomatic subjects 
identified as healthy shedders by the first stool cul- 
ture, the pathogen disappeared from their stools 
without treatment on days 28.6 ?z 5.1 after the first 
culture. However, reexamination of the stools of 
symptomatic subjects on days 26.0 ± 5,4 after the 



TABLE 3„ Detection of Sbcl-produdng £ coli in Stool Culture* 
After the Administration of Antibiotics 



Days after 
Administration 




No. 
of 
Cases 


Antibiotic* Used 


1 (15 Cases) 


Pathogen (+) 


9 


N4, F3, N + F2 




Pathogen (-) 


6 


F2, MZ Nl, N + Fl 


2 (4 decs) 


Pathogen (+) 


2 


Nl, CI 




Pathogen (-) 


2 


N2 


3 (2 Cneos) 


Pathogen O) 


1 


Nl 


Pathogen (-) 


?. 


Nl 


4 (2 Cases) 


Parogen ( + ) 


0 






Pathogen (-) 


2 


NL M + Nl 



Pathogen (+) Indicate* confirmed pathogen in stool; pathogen 
(-), no ccmfireied pathogen in stool; C, cephems (eefteram pi- 
roxil); F, fosfomycin; M, macrolides (clarithromycin and. josnmy- 
cin); N, new quinoiones (norfloxacin, levofloxadn, lomefloxacin, 
and. enoxacin). Numbers to the right of these capital letters are the 
number of the patients using these antibiotics. 
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TABLE 4. Results of the ReSMJrtttion of Stools for Stx 
1-produclng £ coli by RPLA 
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Result of First StooJ Culture 



No. of 
Cn&csf 



Confirmed 
Pathogen^ 



(%) 
(1.0) 



Asymptomatic subjects 
Pathogen (+) 
Pathogen (-) 
ToteJ 

Symptomatic iSu?3j0CtS without 
'antfbtotic therapy 
Pathogen. (+) 
Pathogen (-) 
ND 
Total 

Symptomatic subjects with 
' antibiotic rherapy 
Pathogen (+) 
Pathogen (-) 
ND 
Total 





pj 


49 


0 


23$ 


0 


285 


0 


56 


0 


103 


1 


3 


0 


162 


1 


25 


2 


17 


2 


13 


0 


55 


4 



0.0 



0.6 



7.3* 



t The number of subjects whose stools were reexamined approx- 
imately 1 month after the onset of this outbreak. 
J Confirmed pathogen by the rcexomlnatjon of stools. 
Pathogen (+) indicates confirmed pathogen by tlw first stool 
culture; patbogim (-)< no confirmed pathogen by the first stool 
culture; ND, the first StooJ culture studies not perforrned. 
• P < .025 compared with, the symptomatic subject* without anti- 
biotic theropy. 



first examination allowed that 5 subjects, 4 of whom 
had received effective ejtfibioti.es, exhibited Stx-pro- 
ducing E coll These corners were clinically healthy at 
the second stool culture. The pathogen disappeared 
from the stools of 5 carriers aiter the readministration 
of antibiotics. Stx-producing E coli was not isolated 
from stools of 22 family members of 5 carriers. Re- 
examination of stools showed that the incidence of 
pathogen from. 55 symptomatic subjects treated with 
antibiotics significantly exceeded that of the 162 
symptomatic subjects who did not receive antibiotics 
(Table 4). 

In the present outbreak, although we could not 
identify patients with secondary infection, and we 
did not investigate whether the families of subjects at 
risk (except for 5 carriers) had gastrointestinal symp- 
toms, 2 fathers of carriers were confirmed, to develop 
a diarrheal Illness on June 17 and 19, 1996. 

DISCUSSION 
There is no previous report of an epidemic or a 
sporadic occurrence of infection, by £ coli OU8:H2. 
Furthermore, no outbreak of non-Ol57 E coli that 
produced a single toxin, Stx 1, had been reported 
previously in Japan 1 or in other countries, 2 - 1 We con- 
sider that infections caused by only Stx 1 -producing 
£ coli are becoming increasingly important because a 
small outbreak (the number of patients was 6) of £ 
coli 026:Hll-producing only Stx 1 occurred in 
Toyama prefecture, Japan, approximately 1 month 
after the present outbreak. 1 Attention has focused, 
recently on Stx-producing E coli isolated from ani- 
mals, because they are considered to be the primary 
source of this pathogen.. lfM2 Fukui and associates 
isolated £ coli 011&H16, which produced only Stx 1, 
from 2 of 7 calves with fatal infections in Shiga 
prefecture, Japan, between 1991 and 1993. n Carabal 



and co-workers Wb isolated £ coli 0118 from piglets 
with diarrhea.. 12 Findings suggest that £ coli 0118:H2 
may originate in domestic animals. On the other 
hand, £ coli 0118:H2, like other non-0157 Stx-pro- 
ducing E coliP is not recognized by sorbitol-M.ocCo- 
nkey agar used in the routine screening for £ coli 
0157-.H7, which does not ferment sorbitol. 

In this outbreak, gastrointestinal symptoms were 
the same as those of the infections of Stx producing-E 
coli that were reported previously, 141 - 16 except that 
they were mild. Approximately 40% of the infected, 
subjects became healthy shedders. Although mild 
abnormalities of urinalysis were observed, there 
were no signs and symptoms of HUS. This could be 
explained by the fact that the 50% lethal dose for 
mice of Stx 2 was 28-fold less than that of Stx V 7 and 
subjects had low susceptibility for Stx because they 
were not infants or elderly person5, but junior high, 
school students and adult staff members. Although a 
case of HUS attributable to £ co//-producing Stx 1 
alone had been reported, u it can. be expected that the 
prevalence of HUS attributable to exclusively Six 
1-producing £ coli infection may be much, lower than 
that of E cofa-producmg both Stx 1 and 2 or Stx 2 
alone in infants or in the elderly. On the other band, 
although the prevalence of diarrheal illness and 
other symptoms was significantly higher in the stu- 
dents than in the adult staff members, there was no 
significant difference in. the incidence of isolation of 
£ coli Oll8:H2 in. those groups. This suggests that 
young people of junior high school age are more 
susceptible to Stx-producing £ colt than are adults. 

This outbreak was unusual, in that many patients 
complained of headache. Because of Stx being re- 
ferred to as a neurotoxin, headache is considered to 
be an effect of Stx. However there is a possibility that 
the headaches were not related to the infection of this 
organism, because there was no significant differ- 
ence in. the frequency of headache in the culture- 
positive versus culture-negative subjects. Another in- 
teresting feature of this outbreak was the finding of 2 
patients" with acute appendicitis. The diagnosis was 
verified surgically in both patients. However, addi- 
tional discussion about the indication, for operation is 
necessary, because the pathologic findings of the 
appendix in these patients resembled those seen with 
hemorrhagic colitis caused by infection of Stx-pro- 
ducing E colL w ** v) Suppurative appendicitis was ab- 
sent. S wetting of the appendix caused, by Stx led to 
the symptoms of appendicitis- Appendicitis has 
likely occurred in other outbreaks and sporadic in- 
fections caused by Stx-producing £ coli. 

Although the apparent source of the primary in- 
fection was not identified, salad was considered, to be 
a high-risk food in the analysis of the food, eaten by 
the subjects. However, no subjects developed the 
gastrointestinal symptoms at the 11 other schools 
that bad served the same vegetables as salad. The 
pathogen was isolated from a dipper used in this 
school. It was suspected that the in/ection may have 
been transmitted by placing uncooked, uncontami- 
nated food in contaminated utensils. Undercooked, 
contaminated food was excluded as a source. Al- 
though the subjects affected in this outbreak were 
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not infants or the elderly, E coli OH&H2 pro- 
duced Stx 1 alone, the prevalence of the infection was 
distinctly high. This pathogen, might have been con- 
sumed repeatedly in contaminated salads over sev- 
eral days. 

The use of antibiotics for treating Stx-producing E 
coli infection is controversial Carter and colleagues 
reported that antibiotic therapy was associated with 
an increased risk of secondary infection and a poor 
prognosis. 1 * Karch and researchers demonstrated 
that incubating E coli Ol57:H7 with subinhibitory 
concentrations of iximethopritn-sulfamethoxazole re- 
sulted in a 4-fold increase in. intracellular Stx and up 
to a 256-foJd increase in extracellular Stx. 2 " In the 
present outbreak, there was no evidence that the 
clinical course was exacerbated by the administra- 
tion of antibiotics. However, it is questionable 
whether the antibiotics could eradicate the pathogen. 
Although this strain, was susceptible to the antibiot- 
ics used, in many clinics and hospitals, the pathogen 
was Isolated from the stool of many patients even, 
after the initiation of antibiotic therapy. Stool cul- 
tures performed -1 month after the onset of out- 
break indicated that the incidence of pathogen iso- 
lated from symptomatic subjects treated with 
antibiotics exceeded significantly that of symptom- 
atic subjects not receiving antibiotic therapy. We con- 
sider that the number of carriers may be increased by 
antibiotic administration. However, Karch et a I re- 
ported that 13% of patients with. £ coli 0157 infection 
who received no antibiotic treatment became carri- 
ers. 21 These questions need to be answered to estab- 
lish the appropriate treatment for Stx-producing E 
coli infections. 
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Two sorbitoJ-fcrmenfJng (Sir) Shiga toxf n-producfng Escherichia coll (STEC) 0157:11- sirens wi:re isolated 
from patients with hemolytic-uremic syndrome In the C7cch Republic in 3995. Their phenotypic ond genotypic 
characteristics and genomic DNA fingerprints were identical or closely related to those of SF STEC OJ.57;H- 
stmins Isolated in Gcrmnny in 1988 to 1997. This indicates thnt the Czech Isolates belong to the SF STEC 0157 
clone which is widespread in Germany. It is the first finding of the clone outside Germany. 



Shiga toxin (verocytotoxin)-produring Escherichia coli (STEC) 
strains of serotype OJ57:H- (oonmotile) which ferment sor- 
bito) and exhibit (^-glucuronidase activity were first recognized 
in a 1988 outbreak of hem olytio uremic syndrome (HTJS) in 
Bavaria, Germany (9). Since then, they have been identified as 
a significant cause of HUS and diarrhea in Germany (6). Based 
on their phenotypic and genotypic features (1, 6, 12) and close- 
ly related pulsed-field gel electrophoresis patterns (10, 12), 
sorbitol-ferrnenting (SF) STEC 0).57:H- strains represent a 
new clone within E* coli serogroup 0157 which shares patho- 
genic characteristics widi non-sorbitol-fermcnting (NSF) STEC 
0157:H.7 (10, 12), Here we report the isolation of two SF 
STEC 0157;H- strains in the Czech Republic. The objective 
of the study was to compare phenotypic and genotypic char- 
acteristics and to determine genetic relaredness of the Czech 
and German SF STEC Ol57:H- strains to find out whether 
the Czech isolates belong lo the clone which is widespread in 
Gcrmfjny, 

(This work was presented in part at the 3rd International 
Symposium and Workshop on Shiga Toxin (Verocytoloxin)- 
Producing Escherichia coli Infections, Baltimore, Md., June 22 
ro26, 1997 [abstr. V9/IJ.) 

The Czech SF STEC 0157:H- strains were isolated in Au- 
gust and October 1.995 from two epidemiologically unrelated 
patients, aged L7 and 19 months, who were admitted to the 
University Hospital Motol, Prague. Czech Republic, for HUS 
preceded by Woody diarrhea. Although no NSF colonics were 
found in the patients' stool cultures on sorbitol MacConkcy 
agar (SMAC), both patients had evidence of E. coli 0157 in- 
fection. This was based on the presence of £. coli 0157 antigen 
in their stools as detected by the E, coli 0) 57 Antigen Detec- 
tion enzyme-linked immunosorbent assay kit (LMD Laborato- 
ries, Carlsbad, Calif.) (.15) and on significantly elevated tilers of 
<mr>Ol57 l/popolysaccharide antibodies in their sera (1:1.0,240 
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and 1:20,480) us delected by the indirect hemagglutination 
assay (3. 4). Slide agglutination of SF colonics with anti-Ol.57 
antiserum (1TEST. Hradec Krilove, Czech Republic) and sub- 
sequent biochemical identification of such colonies revealed 
SF E coli 03.57 strains in stool cultures of both patients. Sero- 
typing by standard procedures (5) identified serotype 0157: 
The vehicle of infection was not determined for either 
patient. 

Both £. coli O J.57:H- isolates were tested for fermentation 
of o-sorbito! and p-o-glucuronidase activity by tube tests (I), 
assayed for Shiga toxin 1 (Slxl), Stx2, and Su2c production by 
die Vcro cell neutralization tests (8, J3) ; and examined for 
enterohemorrhagic E. coli hemolysin (EHEC HJy) on entero- 
hemolysin agar (2). Phage patterns were determined (14) and 
compared with those of German SF STEC 0157 strains. The 
presence of su u stx 2 , j/x 2c , caeA, and EHEC h\y genes was 
tested for by PCR procedures (10, 16, 1.7). Clonal relatedness 
of the isolates with German SF STEC 0157 strains was deter- 
mined by genomic DNA fingerprinting performed by randomly 
amplified polymorphic DNA PCR (RAPD PCR) with primer 
1.247 (7). The' RAPD PCR profiles were visualized under U V 
light and photographed. A digital image of the gel was used to 
further analyze the profiles by the GelCompai* software pack- 
age (Applied Maths. Kortrijk, Belgium). Calculation of the 
similarity matrix was done by the Pearson, product-moment 
correlation coefficient method (18), Hierarchic clustering was 
achieved by using the unweighted-pair-group method with the 
arithmetic averages clustering algorithm (lf<). 

As shown in Table 1, the Czech SF STEC 0157;H- isolates 
bad identical phenotypic and genotypic characteristics which 
were at the some time identical with those of 24 German SF 
STEC 0157:H- strains isolated in 1988 to 1996. The only ex- 
ception was the absence of the srx 2 gene in isolate 230/95, 
which lost 5tx2 production within 1 month after isolation, be- 
fore it was genotyped. A new phage type designation (phage 
type 88) was assigned to the Czech and German SF STEC 
0157:H- isolates which shared a phage pattern that did not 
correspond to any of the previously recognized £. coli 0157 
phage rypes (14). 
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TABLE 1, Pbenotypic and isotypic cbaracrcristic* of C/.cch SF STEC 0137:tt- isolates compared wjrJi 
those of German SF STEC 0157:H - strains 
— » — ■ Result for*': 

Surfcitol Icrrncntminn/ 



SP STEC OI57:H- k p.Jucorunldasc Six phengtypc Six genotype FiHEC Hly EHJiC &ttA 



Czech 

221/95 +/+ + , " - + , " + * 



Ccrmun c t/+ 



" All isolate* were phage type 8fl, a new phage type in E. voll Herngmup 0157. 
h +, punitive after 2* h. 
* +, positive; negative, 

" The isolate tow Sua production before genotyping. 

••Characteristics of 2* isolate* from ! 9R8 to 19% (based on references 1, 6, 9, 10, and 12, and on comparison of phage pattern? of Ocrmnn and Czech smnns;, 



RAPD PCR fingerprinting of genomic DNA (for a list and 
characteristics o! the strains tested, sec Table 2) showed that 
the Czech and German SF STEC OJ57:H- isolates had fdcti- 
tfcal or closely related profiles thai markedly differed from 
those of NSF STEC 0157:H7/H- (Fig. 1). Analysis of the 
RAPD PCR profiles by the Pearson product-moment correla- 
tion method and by the unweighted -pair-group method with 
arithmetic averages* clustering clearly distinguished three clus- 
ter? of strains (Fig. 2). Nine SF STEC 0157:H- strains from 
Germany and the Czech SF STEC OJL57:H- isolates gave a 
cluster with a nearly congruent pattern, thus showing high 
relatednesis The second cluster contained all NSF STEC 
0157;H7/H- strains; they were also closely related to each 
other but could be dearly distinguished from the SF STEC 
Ol57:W- strains. The third group consisted of two Six-nega- 



TABLE 2. List nnd charactemtiwi of SF and NSF £. coll 01.57 
strains analyzed by RAF0 PCR fingerprinting 



Strain 


Serotype 


Sorblioi 
fermcn- 
uitioo" 


Su 

phenotype 


Oii«nj*e; 
origin" 
(nefcrcnAs") 


LO83-3601 


Ol57:K45 


+ 


Six negative 


10; G 


693/91 


0157:1419 


+ 


Six negative 


JDiO 


mom 


0157:K7 




Sta2 


D; Ci 


6651/96 


Ol57:H7 




Stx2 


HUS; G 


3075/96 


0157:H7 




Su2c 


D; G 


BDL933 


0157-.H7 




Scxl-hStx2 


CDC (19) 


3817/96 


0157:H- 




Stxl+Stx2 


HUS; O 


7579/95 


OI57:H- 




Stx2 


HUS; G 


2260/96 


Ol57:B- 


+ 


Su2 


HUS:G 


7713/95 


01.57:H- 




Su2 


HUS; G 


1995/96 


Ol57:H- 


+ 


Stx2 


HUS; G 


41.62/94 


0157:H- 


+ 


Snt2 


0,0 


493/89 


0!57:H- 


+ 


Stx2 


HUS; O (10) 


1996/96 


0157;H" 


+ 


$U2 


D;G 


221/95/7'' 


0157:H- 


+ 


Stx2 


HUS; CR 


703/89 


OJ57:H- 




Stx2 


HUS; G (I) 


1329/97 


Ol57:H- 


+ 


Srx2 


HUS; G 


221/95/2* 


OI57;H- 


+ 


SU2 


HUS; CR 


230/V5 




i- 


i 


HUS; CR 


221/95" 


0157:H- 


+ 


Su2 


HUS: CR 



" +, positive after 24 h; negative after 2* h. 

* ID. infantile diarrhea; D, diarrhea; CDC, Center* for Oi**s;v<<i Control and 
Prevention. Atlanta, On.; CR, Cwch Republic; G. Germany (nine German SF 
STEC Ol$7:H- Ncralnsi arc representative isolates from 1988 to 1997), 

* Strains for which no reference* ore p*cn arc fn.im thfr study, 

J Sequential foofat&A from, the wmc pnricnt obtained on days 1 (221/95). 2 
(221/95/ 1), and 4 (22J/95/2) nftcr admipkm. 

"* c The i*ol;ue \m\ $u2 production before RAPD PCR fingerprinting. 



live strains of serotypes OLS7;H19 and 0X57: H45; these strains 
were not related to etcher NSF or SF STEC 0157:H7/H- (Fig. 
2), Taken together with the other phenotypic and gcnotypic 
results, it can be concluded chat the Czech SF STEC Ol57:H- 
strains belong to the clone which is resident in Germany. 

This is the first report that SF STEC 0157:H- strains be- 
longing to the German clone can be a cause of HUS outside 
Germany. Although the vehicle of infection, was not identified, 
the fact that none of the Czech patients had histories of trav- 
elling in Germany or consumption of foods imported from 
Germany makes domestic origin of infection, very likely. Our 
findings thus suggest thai the SF STEC 0157 clone has begun 
to spread from Germany and that these strains can emerge as 
a public health problem in other countries. This has important 
diagnostic implications, emphasizing the need for diagnostic 
procedures which allow detection of infection with both NSF 
and SF £. coli O J.57 strains. In our study, combination of stool 
culture on SMAC with £. coll 0157 stool enzyme-linked im- 
munosorbent assay and anti-0157 aerology enabled us to de- 
tect E. wti OJ.57 infection despite the absence of NSF colonies 
on SMAC thus aiming our diagnostic efforts towards searching 



I 2 J A 5 6 7 MIM2 » 9 ID 




l»KI. 1. AgaroHC gc) shoving RAPD PCR fingerprints of representative SF 
und NSF STEC 0157 Btrtiinp obtnin«d **iih primer )2e?. NSF E. coli 0157; 
M7/H— (fLrafnit ?07S/% (Iftne I), >010/96 (Innc 2). fIDt.W (Jnnc 3), ft 63 1/9* (^ne 
A\ and 381 7(M (lone 5) ore depicted. The $1' /> mAi Ol$7:H- groins were 
Czcd\ Mtwx 221/*/5 fjsno ft) »md 2MJ/*J5 (lane 7) and German isolates 1529/97 
finite «>. 7 < 7!,VJ$ (lane 9), and 1995W» (lane 10). The molecular wcipln murker 
(M2J DNA marker VI (Qoehringer Gmfoh); rhe mrjiccoinr sixen of the 
fr^gmco:is ore (in bm:c poirs) 2.176. 1,766, 1.230, 1.(133, 653, 517. 453. 3?4, 298. 
23A, and 220. flic intcrnnl standard (Ml ) connived of n hMMip and a W-bp 
PCR product. In addition, mtcrn;il »tnnd;ud!i wow incfuded in each lane. 
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FIG, 2. Dendrogram derived from RAPD PCR doto for Cwch and German 
SF STBC OJ.S7;H- Ktralnti, NSF STEC 0157:H7/H- strains, and SP Stt-ncg- 
n.tivt £ wit OJS7:H19/H45 moinh with the OftlCompar software package. The 
characteristics of the strains are given In Tabic 2. The sfmiJority scale b *h&*n 
»bove the dendrogram O similarity iode* of £$0% Indicate* clonal rclotednes*). 



Tor Sir £. coM 0157 sLrain*. The procedures which have been 
successfully used to detect. SF STEC OL57 strains in German 
Studies have included genetic methods (6, 9, 11) and the tech- 
nique of immunomagnetjc separation followed by plating mag* 
nelic particles; with attached 0157 bacteria on SMAC (11). 
Here, it should be remembered that SF STEC 0157 strains, in 
control to NSF STEC 0157:H7, do not grow on a selective 
ceflxitDe-tellurite SMAC (11), since they do not tolerate high 
tellurite concentrations (12). Although the SF STEC Con- 
strains possess EHEC hfy genes, no enterohcmulytic pheno- 
lype could be observed (Table I). This finding has conse- 
quences for the detection of such STEC in stool samples. 
While enterohemolysin agar places have been successfully used 
for detecting EHEC Hly-producing NSF STEC 0157: W? (2), 
this method fails to detect nonhemolytic SF STEC 0157:H- 
as characterized in this study. Consistent use of appropriate 
diagnostic methods for clinical and epidemiological studies 
is necessary to further evaluate significance of SF STEC 
01.57 strains in human disease, to identify their reservoirs, 
and, based on that, to implement, effective prevention of hu- 
man disease. 

TOs Study wa? supported by grant 1GA 2063-3 from the Ministry of 
Health of the Czech Republic and by grant BMH4-CT9&MJ970 from 
the Europeao Communities. 

We thank T. Cheasty, Central Public Health Uborotory, London, 
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